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A Population of Woodrats (Neotoma micropus) 
in Southern Texas 


Introduction 


Woodrats of the genus Neotoma have frequently attracted the attention 
of students of life history and ecology, with the result that much published 
information is available for most species in the United States. This is not true 
of the southern plains woodrat (Neotoma micropus), one of the more wide- 
spread and locally abundant rodents in the brushland of southern Texas. 
Finley (1958) discussed briefly the ecology of N. m. canescens in Colorado. 
Johnson (1952) studied certain aspects of the ecology of this species in 
Texas. Since Johnson’s study remains unpublished, certain pertinent portions 
have been abstracted with his permission and are included here, with minor 
editorial changes, as Appendices I and II. 

This study of a semi-isolated local population of Neotoma m. micropus 
was undertaken primarily to arrive at some understanding of population 
dynamics and to obtain additional information on the life history and ecology 
of the species in southern Texas. 

Field work began in June, 1958, and continued until September, 1958; 
and again from June, 1959, through March, 1961. During the period from 
October, 1958 to May, 1959, heavy rains allowed only six three-day trapping 
periods. The area was visited periodically from March, 1961 through August, 
1965. 
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Methods 


The nine-acre plot was not rectangular in outline because one corner was 
truncated by an artificial lake (Fig. 1). Numbered stakes were placed every 
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50 feet in lines 50 feet apart and were used as reference points only. Traps 
were placed in and parallel to woodrat runs. Traps set adjacent to or per- 
pendicular to runs were almost invariably unsprung. Because of the time 
consumed in searching for runs and placing traps correctly, a maximum of 
35 traps could be operated efficiently. Hav-a-hart live traps (5 by 5 by 8 
inches) and wire mesh traps (4 by 4 by 13 inches) modeled after the “36” 
trap (Blair, 1941a ) were used. 

Rats were transferred from the trap into a sack and weighed to the nearest 
gram on a triple-beam balance, after which rectal temperatures were taken 
with a Schultheis quick-reading thermometer. Tail and hind foot measure- 
ments were taken; sex, breeding condition, and age were noted, and an 
examination made for external parasites, wounds, and pelage condition. Rats 
were toe-clipped at first capture, with no more than one toe being removed 
from a front foot and no more than two from a hind foot. 

Rats were released at the point of capture, reactions following release were 
noted, and the individuals were followed, when possible, to their houses. 
The point of capture and the location of the house, if known, were plotted 
on grid maps. Individuals were only rarely taken into the laboratory and 
never permanently removed from the area. Information pertaining to litter 
size and construction of the house was obtained in areas other than the study 
plot and every effort was made to avoid disturbing the habitat. 

A total of 275 marked woodrats was captured 749 times. An additional 
25 were captured but either died in the traps or escaped before they could 
be marked. Sixty-three cotton rats (Sigmodon hispidus), one rice rat (Ory- 
zomys palustris), two wood mice (Peromyscus leucopus), three harvest 
mice (Reithrodontomys fulvescens), one pygmy mouse (Baiomys taylori), 
six opossums (Didelphis marsupialis), four Bewick's wrens (Thryomanes 
bewickii), two house wrens (Troglodytes aedon), two Cassin's sparrows 
(Aimophila cassinii), one cardinal (Richmondena cardinalis), and one rattle- 
snake (Crotalus atrox) were taken in traps set for woodrats. With the excep- 
tion of the opossums, which were preserved, these were all marked and 
released. 


The Environment 


The study area was located on the Rob and Bessie Welder Wildlife 
Refuge, seven miles northeast of Sinton, San Patricio County, near the north- 
ern limits of the Tamaulipan Biotic Province (Blair, 1950). The flora (Gould 
and Box, 1959; Jones, et al., 1961) and the fauna (Blair, 1950) are mainly 
derived from centers of distribution in northeastern Mexico and south- 
western United States with minor elements from the eastern United States. 

Climate. The climate is classified as semi-arid and megathermal (Thorn- 
thwaite, 1948). Frequent cold fronts (“northers”) move rapidly through 
the area during the winter causing sudden and often drastic drops in tem- 
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perature. These cold periods are brief and may be separated by a few days 
to several weeks of warm weather. The summers are hot and humid, but days 
in which temperatures reach 100° F. are infrequent. Recorded temperature 
extremes at Beeville, 30 miles northwest of Sinton, vary from 5° F. to 106° F. 
At Corpus Christi, 20 miles to the southeast and nearer the coast, the range 
is from 11° F. to 105° F. Mean temperatures recorded at Beeville (24-year 
period) range from 56.3° F. in January to 84.7” F. in August. Respective 
means at Corpus Christi (30-year period ) are 56.9? F. and 84.0? F. The aver- 
age growing season is 335 days at Corpus Christi and 283 days at Beeville 
(Blood, 1960). 

Average annual precipitation is about 30 inches (Box, 1961). In 1958, 
when this study was initiated, Texas was recovering from seven years of 
drought (1950-1956). Rainfall recorded about one mile from the study area 
exceeded the annual average during the years from 1957 to 1960 (Table 1). 
The total rainfall recorded in 1960 was 54.11 inches, the highest record 
available for the Refuge. This was the wettest year on record in southern 
Texas, with many stations in the area reporting rainfall in excess of 60 inches. 


TABLE 1 


Rainfall in inches at Welder Refuge, Lake Camp Station 


Month 1957 1958 1959 1960 1961 1962 1963 
Jan. 0.20 7.29 0.83 1.57 2.64 0.00 0.00 
Feb. 1.60 6.79 5.15 1.45 3.28 0.30 1.71 
Mar. 1.74 1.96 0.45 2.88 0.00 0.64 0.00 
Apr. 6.03 f 2.35 1.38 1.97 2.29 0.56 
May 11.94 4 5.52 6.13 4.36 0.46 0.53 0.38 
Jun. 3.46 | 2.65 9.24 5.45 3.96 4.23 
Jul. Trace Trace Trace ( 0.67 0.00 0.41 
Aug. 0.48 Le 4.59 4 6.73 3.28 0.67 1.24 
Sep. 5.46 9.34 2.71 | 6.16 3.59 3.88 
Oct. 0.57 6.51 5.98 15.34 0.29 0.95 1.52 
Nov. 4.53 0.24 1,94 2.53 1.75 0.91 3.93 
Dec. 0.32 2.10 1.57 8.63 0.78 3.06 1.56 
Total 36.33 40.75+ 3435 5411 2673 1690 19.42 


Soil and Water. The soil type of the study plot is a dark clay loam of the 
Orelia series, generally covered with a fine surface layer of light colored sand. 
It is gummy when wet and quite hard when dry, with little tendency to 
crack (Box, 1961). 

Surface drainage is rapid despite the level topography. Water stands for 
only short periods in small depressions, and penetration into the soil is slight. 
A permanent source of surface water is available in Paloma Tank (Fig. 1), 
but since cover is virtually absent within 50 feet of the shore line, it is little 
used by woodrats. Dew is present too infrequently to provide much water for 
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the rodents, thus it seems likely that prickly pear cactus (Opuntia lindhei- 
meri) provides the major source of water utilized by the woodrats. 

Vegetation. The study plot, one of three areas on the Welder Refuge sup- 
porting dense growths of prickly pear, has been classified as the prickly pear- 
short grass community (Box, 1961). When the study began, Opuntia lind- 
heimeri was the dominant plant, providing approximately two-thirds of the 
vegetative cover. In general, cactus clumps were evenly spaced in a broad 
band diagonally across the plot (Fig. 1). Most of the clumps in the north 
section were erect, reaching a maximum height of about six feet and a maxi- 
mum coverage of about 2,500 square feet. Both density and height of the 
clumps decreased gradually to the south and toward the lake. In the western 
section the cactus bordered abruptly on open pasture. 

Small mesquite trees (Prosopis juliflora) and granjeno bushes (Celtis 
pallida) were sparsely distributed over the plot, but most of the woody vege- 
tation was low, switch-like running mesquite (presumably a growth form of 
P. juliflora) which formed relatively dense masses of vegetation between the 
clumps of Opuntia. The running mesquite and broomweed (Gutierrezia 
texana) made areas between cactus patches look thickly vegetated, but in 
reality ground cover at surface level was poor because of low basal density 
of these plants. 

The most abundant grasses included windmill grass (Chloris verticillata ), 
curly mesquite (Hilaria belangeri), buffalo grass (Buchloe dactyloides), 
plains bristle grass (Setaria leucopila), three awn (Aristida sp.), and grass 
burr (Cenchrus sp.). Forbs, other than broomweed, included Croton sp., 
Ruellia sp., Acacia angustissima, Phyla incisa, Ratibida columnaris, Monarda 
punctata, Commelina erecta, and Euphorbia sp., none of which was abun- 
dant. 

Seasonal changes in the vegetation were probably of little consequence to 
the woodrat population. The amount of food, cover, and building material 
remained remarkably constant throughout the year. Cactus fruit, mesquite 
beans, and granjeno berries were eaten by woodrats during the summer; the 
major source of food, however, appeared to be the broad cactus pads which 
were available throughout the year. Non-seasonal changes during the study 
caused rather drastic alterations in the study area. The most important was 
a reduction in the amount and extent of the cactus cover. Hereford steers 
were stocked on the Refuge during most of the study period. Although steers 
utilized the area consistently throughout most of the study period, there was 
little evidence of damage to the cactus prior to the winter of 1959. The steers 
began to eat cactus during November, 1959, and continued to do so through 
February and early March, 1960. Damage was not entirely confined to the 
periphery of the clumps. Plants were uprooted, trampled, and eaten. Some 
large clumps were completely destroyed while others were reduced in size 
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Fic. 1. Map of the Paloma Tank study plot showing distribution of cactus and woody 
vegetation, 


and density (Fig. 2). The most extensive damage occurred in the area most 
densely populated by Neotoma, where the Opuntia was upright and dense. 
Damage ceased when vegetation growth began in the spring. This particular 
group of cattle was subsequently removed and grazing was discontinued 
through the summer of 1960. The range was restocked in the fall of 1960 and 
some additional but less extensive utilization of cactus was noted. 





Fic. 2. Effects of cattle on the cactus. The outlined area represents the original extent 
of individual cactus clumps; the shaded area represents the cactus remaining after re- 
moval of the cattle. Refer to Fig. 1 for the location of Areas A and B. 


Marked deterioration of the cactus was again noted during the fall of 1960, 
and by the spring of 1961 many formerly protected woodrat dens were ex- 
posed and readily accessible to predators. This deterioration was not caused 
by cattle since a fenced segment of the plot (Fig. 1) unavailable to cattle 
also began to deteriorate. The cactus failed to bloom in the spring of 1960 
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and fruits were virtually absent that summer. During the fall the plants be- 
came brown near the base and the interior of the cactus pads were mushy, 
brown in color, and had a rotten odor. Opuntia is a xeric-adapted plant and 
four years of above-normal rainfall culminating in the record precipitation 
of 1960, may have caused reduced vigor and rot. The remainder of the vege- 
tation appeared to have been favored by the conditions which reduced the 
cactus. Bunch grasses and forbs increased in density. This increase may have 
been partly the result of temporary deferral of grazing pressure; when the 
cactus clumps were opened up, however, bunch grasses invaded the centers 
of clumps which formerly had been bare of grasses. Apparently dense cactus 
effectively excludes or retards the establishment of bunch grasses, but when 
cactus density is reduced (in this instance by weather and cattle trampling) 
grasses may become established. The cactus continued to deteriorate after 
the spring of 1961, and by the winter of 1961 density had been reduced by 
approximately 90 per cent. In January, 1964, the only cactus suitable for 
woodrat habitation was confined to the small segment of the plot within the 
fence (Fig. 1). Even there the density of the cactus was much less than in 
1958. During the spring of 1964 (a dry year) some improvement in the 
cactus was noted and for the first time since the summer of 1961 evidence of 
woodrat activity was found outside the fence. 

The most significant of the vegetational changes for Neotoma was the 
deterioration of the cactus. The effect of this on the woodrat population will 
be discussed in a later section. 

Animal Associates. The known vertebrate associates of Neotoma have 
been arbitrarily divided into three categories: (1) competitors, (2) pred- 
ators, and (3) unknown relationship (Table 2). The inclusion of a species 
in the category of competitors does not mean that competition actually oc- 
curred between that species and the woodrats. It means only that there was 
mutual use of food items or homesites, elements of the environment which 
might limit the woodrat population. It is doubtful that competition did occur 
between Neotoma and any potential competitors with the exception of cattle. 
Various authors have used the term “competition” to indicate a multitude of 
entirely unrelated inter-specific and intra-specific relationships; however, 
Birch (1957) has provided a definition which makes the concept of com- 
petition useful and meaningful and it is in this sense that the term is here 
employed. 

All of the potential competitors listed are mammals, although it is con- 
ceivable that competition could occur between woodrats and non-mammalian 
associates (for instance, wasps feed extensively on the ripe cactus fruit, a 
favored food of woodrats). A concurrent study of the rodents other than 
Neotoma (Raun and Wilks, 1964) indicated that only two species, Baiomys 
taylori and Sigmodon hispidus, were present in sufficient numbers to have 
been of any importance as potential competitors. Both are known to feed 
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TABLE 2 


Vertebrate associates of Neotoma micropus and their presumed 
or known ecological relationship. 





UNKNOWN RELATIONSHIP 


Scaphiopus holbrooki Muscivora forficata 
Rana catesbeiana Troglodytes aedon 
Rana pipiens Thryomanes bewickii 
Pseudemys scripta Mimus polyglottos 
Gopherus berlandieri Toxostoma curvirostre 
Phrynosoma cornutum Richmondena cardinalis 
Sceloporus variabilis Passerculus sandwichensis 
Thamnophis marcianus Chondestes grammacus 
Thamnophis sauritus Aimophila cassinii 
Natrix rhombifera Amphispiza bilineata 
Colinus virginianus Cryptotis parva 
Zenaidura macroura Dasypus novemcinctus 
PREDATORS 
Salvadora lineata *Buteo albicaudatus 
Masticophis flagellum *Parabuteo unicinctus 
Coluber constrictor Circus cyaneus 
Pituophis melanoleucas *Geococcyx californicus 
*Elaphe obsoleta *Bubo virginianus 
Lampropeltis getulus *Tyto alba 
Lampropeltis calligaster Didelphis marsupialis 
*Crotalus atrox *Canis latrans 
Buteo jamaicensis *Lynx rufus 
Buteo lineatus Mephitis mephitis 
Buteo swainsoni *Procyon lotor 
COMPETITORS 
Lepus californicus Sigmodon hispidus 
Sylvilagus floridanus Mus musculus 
Oryzomys palustris Rattus rattus 
Reithrodontomys fulvescens Odocoileus virginianus 
Peromyscus leucopus *Bos taurus (domestic) 


Baiomys taylori 





° Indicates known relationship, all others presumed. 


extensively on prickly pear, probably the most important food of the wood- 
rats in this community. During the summer, when the food is ripe, many 
individuals of all three species have red-stained muzzles from eating the 
cactus fruit; the juice also stains the urine of Neotoma pink, Baiomys reddish, 
and Sigmodon orange. 

Competition between woodrats and other rodents in the area is doubted 
for several reasons. (1) Food did not appear to be in short supply. There 
were always un-utilized clumps of cactus and the clumps which were in use 
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showed no evidence of rodent damage. (2) The small size of Baiomys would 
seem to elimiate it from consideration as a competitor at the population 
levels which were maintained. The population density of Baiomys would 
have to exceed that of Neotoma by about 300 times before the biomass 
would be nearly equal. (3) Micro-habitat differences apparently reduce 
interaction between Neotoma and the other two species. Woodrats were 
trapped almost exclusively within cactus patches and only rarely in the inter- 
spaces. Pygmy mice were found most commonly in grassy areas around and 
near cactus, but seldom in the patches themselves. Cotton rats were taken 
in both situations, more frequently around the periphery of cactus clumps. 
Woodrats occupied the upright cactus with centers nearly devoid of grass, 
whereas Sigmodon was taken most frequently in low, open cactus patches 
with grassy centers. Woodrats are hampered by densely matted vegetation, 
while Baiomys and Sigmodon both disappear rapidly beneath this type of 
cover. 

Other species of rodents were observed only seasonally, and population 
densities never were high. Cottontail rabbits (Sylvilagus floridanus) have 
been found in woodrat dens (Baker, 1942) and occasionally might compete 
with woodrats for homesites. However, this relationship seems only passive. 
Rabbits were never common on the area and only in 1958 and 1964 were 
they frequently seen. 

Deer were abundant on the Welder Refuge and utilized the study area 
frequently. The effect of deer browse on cactus is probably negligible since 
usually only a single bite is taken from a cactus pad. 

Cattle had an entirely different effect upon the plot. During the winter 
of 1959-60, they were in competition with the woodrats, an interaction ap- 
parently resulting in a reduction of the woodrat population density because 
of habitat destruction. 

Snakes were probably the most effective predators among those present on 
the area since dense cactus protects the woodrats from the larger mammalian 
and all avian predators. Rattlesnakes (Crotalus atrox) are abundant in 
southern Texas and were seen on the study plot more frequently than any 
other snake. A study of the food habits of this species (Cottam, et al., 1959) 
on the Welder Refuge showed that woodrats were the most common food 
items. 

Coachwhips (Masticophis flagellum) were the only other snakes com- 
monly observed. There is no direct evidence that coachwhips prey on wood- 
rats, but one 66-inch individual had recently eaten a Sigmodon as large as 
many woodrats. All other snakes from the area except bullsnakes (Pituophis 
melanogaster) were too small to exert much predation pressure on adult 
woodrats, although most were capable of taking suckling or recently weaned 
young. 

Raptorial birds probably exerted little predation pressure on this popula- 
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tion of woodrats. Hawks, particulary marsh hawks (Circus cyaneus), were 
frequently seen in the area but their activity coincides with woodrats’ only 
in the early morning and late afternoon. Great horned owls (Bubo virgini- 
anus) were seen twice, and a barn owl (Tyto alba) was observed once. 
Being nocturnal, owls are more likely to prey on woodrats, but owl pellets 
from an area where woodrats were abundant rarely contained Neotoma 
(Raun, 1960). 

Woodrats are important in the diet of coyotes in Texas (Sperry, 1941), and 
coyotes were probably the major mammalian predator on the study area. 
Their tracks and scats were found more frequently than those of other 
mammals. At the beginning of this study most of the woodrat houses and 
runways were well-protected by cactus. Most of the rats taken by coyotes 
were probably those which ventured outside the cactus. Frederick W. Knowl- 
ton, studying the food habits of coyotes in southern Texas during the latter 
phases of my research, found woodrats to be a regular item in the diet. At 
this time the cactus density had been reduced and woodrats were more vul- 
nerable. Comparative data are lacking, but is seems likely that coyote 
predation would be more intense as cactus cover was reduced. 

During the summer months native fire ants (Solenopsis sp.) became a 
serious problem, attacking and killing 15 trapped woodrats. A 400-gram 
adult male was killed in less than two hours. When the ants were active, it 
became necessary to set traps in the evening, run them twice before mid- 
night, and then close them to prevent trapping mortality. It is doubtful that 
an unconfined adult woodrat could be killed by fire ants, but it is possible 
that some loss of nestling young occurs. 

Parasites. Ectoparasites were collected only incidentally from woodrats 
on the plot and from a few specimens obtained elsewhere in the area. The 
following species were identified: Haemolaelaps glasgowi, Orchopeas sex- 
dentatus, Ornithonyssus bacoti, Amblyomma maculatum, A. inornatum, and 
Dermacentor variabilis. Ectoparasites were never abundant and probably 
had little, if any, effect on the population. One individual, heavily parasitized 
by ticks, was recorded as being “sick and listless,” but this may not neces- 
sarily have been the result of the infestation. 

Twenty-nine woodrats were parasitized by bot-fly larvae (Cuterebra sp. ). 
Thirty-one larvae were found during 749 examinations (4.1 per cent parasite 
incidence ). One sub-adult male, trapped on June 18, 1960, had three large 
warbles on the back, side, and mid-ventral region. This was the only recorded 
incident of multiple parasitism by Cuterebra in this population. The monthly 
distribution of Cuterebra larvae was: January, 1; May, 2; June, 11; July, 5; 
August, 6; September, 1; November, 3; and December, 2. The apparent peak 
of infestation—June, July, and August—does not necessarily represent a true 
pattern of parasitism since these months are represented by the largest 
samples of woodrats. Warbles were found most frequently on the woodrat's 
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belly, usually in the mid-ventral region (9 occurrences ). Other sites and their 
frequency were: inguinal 5, hip 5, back 4, side 4, throat 2, neck 1, and shoulder 
1. Rainey (1956) reported that 71 per cent of the warbles he recorded were 
found on the throat. Vorhis and Taylor (1940) and Linsdale and Tevis 
(1951) also found to be the most common site of infestation. Cuterebra 
were found in no other small mammals from the area. 

Appendix I contains detailed information about woodrat parasites in 
southern Texas. Appendix II is a list of literature records of ectoparasites of 


N. micropus. 
The Individuals 


Growth and Development. Data on growth and development was obtained 
from 36 individuals first captured as juveniles or subadults and later recap- 
tured one or more times (Fig. 3). Average weights obtained from this wild 
population (Table 3) are lower than those of comparable age groups in a 
cage-reared sample of N. m. canescens (Feldman, 1935). This discrepancy 
may be due to genetic differences, inaccuracies in estimates of age, or to 
actual differences in growth rates under field and laboratory conditions. 
The last is the most likely possibility, since average weight at weaning 
(about one month of age), of 91.2 grams in Feldman’s sample, is close to that 
of my samples (88.1 grams), and the differences between weights in the two 
samples increase with age. Animals in cage populations engage in less 
strenuous activity and are subject to fewer environmental stresses which 
might inhibit growth than are animals in their native environment. This 
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TABLE 3 


Comparison of weights of woodrats from field and laboratory samples. 


Av. Weight N. Av. Weight N. 

Age in Months Welder Sample Feldman (1935) 
% 30.0 3 37.6 19 

1 88.1 13 91.2 19 

2 144.8 12 178.1 19 

3 168.4 16 254.0 19 

5 235.0 6 340.9 19 

10 263.3 10 403.5 19 


would bias a cage-reared sample in favor of higher average weights 
(Egoscue, 1957). 

No information on growth and development was obtained for the first 
week after birth. Johnson (1952) reported weights of 12.5, 14.8, 18.0, and 
16.1 grams for a single individual at birth, five, ten, and 14 days. The loss in 
weight between the tenth and fifteenth days and the death of the individual 
on the fifteenth day was attributed to excessive handling. 

The two youngest individuals trapped had crown-rump measurements of 
50.0 and 50.2 mm., and weighed 14.0 and 14.5 grams. They were littermates 
estimated to be one week old and were firmly attached to the mother's teats. 
Their eyes were not open, and they were hairless except for a streak of fine, 
dark hairs down the dorsal midline. The hind feet were disproportionately 
large (14mm.) compared with adults, and the tail was short (21 and 22 
mm. ), wrinkled, and hairless. Hamilton (1953) used the presence or absence 
of four mammae as a criterion for sexing newborn N. floridana. Since no 
mammae were in evidence both of these young rats were judged to be male; 
however, one of the pair, recaptured four months later, proved to be a 
female. Rainey (1956) was unable to use the presence or absence of mam- 
mae to determine sex. 

Adult male woodrats tend to be heavier than adult females. This tendency 
first appears at about six months of age (Fig. 3). There is a broad overlap be- 
tween male and female weights for the first year, but beyond that time the 
difference between the sample means becomes statistically significant. 
Weights of seven males which were at least 18 months old ranged from 385 
to 436 grams (mean, 413.9 + 6.3*). Fifteen females in the same age group 
weighed from 301 to 398 grams (mean, 342.7+8.4). Weights of only two 
females (both pregnant ) overlapped the male weights. 

None of the other measurements taken in the field showed any sexual 
dimorphism. Hind foot length of 98 adult females ranged from 35.8 to 42.6 
mm. (mean, 40.0), while those of 99 adult males ranged from 37.5 to 44.0 


* Figures following + sign in the text and in all tables represent one standard error of the mean. 
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mm. (mean, 40.8). Tail length of 95 females and 85 males averaged 154.8 
and 157.5 mm. respectively. The ranges were 140.0 to 170.6 mm. in females 
and 140.0 to 174.7 in males. Measurements used in these calculations were 
taken only on adult animals with complete, uninjured tails. 

The hind foot is large at birth and reaches adult size rapidly (Table 4), 
while growth of the tail is slower. Neither character is reliable in determin- 
ing age. There are no criteria that can be used in the field to determine the 
ages of adult woodrats. A combination of characters was used in estimating 
ages of juveniles (0-3 months) and sub-adults (3-5 months). These esti- 
mates, based largely on weight and pelage, probably include considerable 
error. The juvenile pelage appears fuzzy and has a pinkish tinge along the 
flanks and cheeks. The mid-dorsal line is lighter gray than that of adults. 
Molt patterns are indistinct, but the first appears complete by about the end 
of the third month when the pelage is essentially adult. 


Reproduction 


Breeding Season. Records of breeding in this species are scarce and have 
led to misinterpretation of the situation. Feldman (1935) stated that N. 
micropus was apparently monoestrous, “at least under laboratory conditions.” 
He was led to make this statement by the fact that N. micropus failed to 
produce more than one litter per year in his laboratory while N. albigula 
produced as many as four. Davis (1960), apparently following Feldman, 
stated, “The breeding season seemingly is restricted to early spring, and 
there is some evidence that the species is monoestrous and produces only 
one litter a year.” In reality, N. micropus is polyoestrous, as are other mem- 
bers of the genus, and most females which survive long enough produce 
two or three litters per year. Some may produce five. 


TABLE 4 


Growth of hind foot and tail of immature Neotoma micropus. 


Estimated age Mean hind Mean tail 
in months N foot length length 
Y 2 14.3 ALS 
4 8 32.0+3.4 79.7+3.6 
1 8 34.8+1.2 95.3+4.2 
1-% 12 36.3+1.2 109.3+5.0 
2 18 36.4+ 2.8 119.0+3.8 
2% 10 37.0+0.8 124.5+6.8 
3 21 37.8+0.3 132.8+1.8 
4 Le 37.3+0.8 140.0+3.8 
5 15 40.0+0.8 146.4+7.8 
6 29 39.8+0.3 152.5+3.0 
6 + 681 40.4+0.3 156.1+0.4 
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There is no distinct breeding season in southern Texas. Some litters are 
produced in all months of the year, but there is an indication of slight peaks 
in litter production in early spring (February, March, and April) and late 
fall (November and December). An apparent peak of litter production in 
June (Table 5) is probably a result of sampling bias. The low point in 
breeding activity of females probably comes in late July and August. The 
indicated April-May dip in breeding females (Table 5) may be an artifact 
because these months are represented only in the 1960 sample. Johnson 
(1952) found 42 of 224 females pregnant. He found pregnant females during 
the months of October, November, December, and January (Table 6), and 
stated that the breeding season extends from late January through Septem- 
ber with a peak of activity apparently in February. I cannot explain the 
apparent discrepancy between Johnson’s observations and mine concerning 
late fall and early winter breeding activity; nevertheless, litters were being 
produced during these months (October—January) in the Welder population. 

Evidence of Breeding in Females. The external evidence of breeding 
condition in female N. m. micropus is similar to that reported for N. floridana 
(Rainey, 1956). Virgin females are easily recognized by a thick growth of 
hair over the mammary region, nearly concealing the teats. In females that 
have borne a litter, this region is nearly bare and the nipples are readily 
visible. Sexually inactive females have a tightly sealed vagina. The teats are 
small, hard, and usually coated with loose flakes of dry skin. The abdominal 
area in the vicinity of the teats is less densely haired than is the remainder of 
the belly. Sexually active females may be recognized by a widely gaping 


TABLE 5 


Number of adults in breeding condition and estimated production of litters per month. 


% scrotal % breeding Estimated number of 
Month 88 22 litters produced® 
January 15 49 2.0 
February 66 56 7.0 
March 78 58 8.0 
April 22, 40 8.0 
May 25 30 1.3 
June 53 51 3.0 
July 43 33 7.0 
August 50 39 9 
September 36 45 4.3 
October 39 43 3.9 
November 34 58 6.5 
December 38 46 6.5 


* Monthly averages based on three years data. 
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TABLE 6 


Monthly distribution of pregnancies in Neotoma albigula from Zapata County, Texas, 
and in-utero fetal counts (From Johnson, 1952) 


Number % QQ Average number 

Month No. 2 2 pregnant pregnant foetuses per rat 

Jan. 34 0 A AE DER 

Feb. 29 9 LS 2.55 

Mar. 8 6 75.0 2.16 

Apr. 32 8 25.0 2.12 

May 35 6 171 2.00 

Jun. 18 6 33.3 2.00 

Jul. 15 4 26.6 2.20 

Aug. ws, a ck a 

Sept. 29 3 13.4 2.70 

Oct. 7 0 APA A a 

Nov. 15 0 ee eg a ee 

Dec. 22, 0 eS ee eee 

Total number 2 2 examined 224 

Total number pregnant 42, 

% pregnant 18.8 

Average number foetuses per 2 2.25 


vaginal orifice and a swollen clitoris, which may be nearly as large as the 
male phallus. 

Nine females were found with clear, gelatinous copulation plugs, quite 
unmistakable and completely filling the vagina. Pressure on the abdomen of 
the female caused the plug to be partially extruded. At it protrudes, the 
plug expands laterally to about twice its original diameter but retains its 
generally cylindrical shape. As pressure is released it then withdraws into 
the vagina. One female was recaptured three days after she had been ob- 
served to have a copulation plug and no traces of the plug remained. The 
lips of the vulva were sealed together with a dark, brownish encrustation. 

Recognition of pregnant females is difficult during the early stages when 
external appearance is similar to that of non-breeding females. During late 
pregnancy the teats become enlarged and inflamed, the abdomen swells 
somewhat, and there is a tendency toward loss of abdominal hair. 

The mammary area of lactating females is hairless. A noticeable swelling 
elevates the base of the teats, while the nipples are sunken into small craters. 
The teats become pointed, inflamed, and quite elastic. Evidence of recent 
lactation persists for some time after the young have been weaned. There is 
evidently a rather gradual return to the non-breeding condition, marked by 
growth of abdominal hair and by shrinking, drying, and hardening of the 
teats. This process is never completed in some females, as breeding may 
occur during or immediately following lactation. 
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Age at Sexual Maturity. Females attain sexual maturity at about five 
months or at an average weight of about 250 grams. The breeding records of 
17 females, recaptured several times as both young and adults, are shown in 
Table 7. Two of these are known to have bred by the sixth month. Eleven 
are known to have produced a litter by their ninth month. Females No. 22, 
96, and 155 had apparently produced two litters by the end of their first year 
and Females No. 98 and 166 probably had done so. 

Female No. 162 had a copulation plug at an estimated age of four months, 
but apparently was infertile. She was lactating four months later, but the 
lapse of time was too great for the pregnancy to have resulted from the 
known mating. 

There is some indication that males do not breed at as early an age as do 
females. Only one sub-adult male had testes which were scrotal in position. 
This individual was estimated to be about three months old (149 grams) 
when captured on June 4, 1959, and the testes measured 10 by 6 mm. (all 
measurements of testes were taken externally on living specimens, thus the 
dimensions are only approximate ). The small size of the testes would indi- 
cate that the individual was not in breeding condition. Fully adult males 
in breeding condition have testes which measure about 20 by 10 mm. Three 
individuals were found to have scrotal testes (8 by 4, 9 by 5, and 10 by 5 mm.) 
at about five months of age. The older, well-established males are probably 


TABLE 7 


Breeding records of females first captured as juveniles 





Number of 3 or Estimated age in months 
Individual less 4 5 6 T 8 9 10 11 19 13 
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responsible for most of the breeding in the colony. Young males may be at a 
disadvantage in courtship because of their size. Social relations in the popula- 
tion appear to be mostly antagonistic and this may carry over into courtship. 
If so, the lighter young males would be less capable of successful breeding 
than the older, heavier males. The problem of securing a home may place the 
young males under a psychological disadvantage. Maturing females tend to 
remain at the place of birth more often than maturing males, and the 
acquisition of a house may be an important prerequisite to mating. 

Gestation. Gestation period cannot be estimated accurately from my data. 
Feldman (1935) reported that gestation in N. m. canescens is less than 33 
days. My limited information tends to support this figure. One female, in 
breeding condition on July 30, was lactating 33 days later. Another was not 
in breeding condition on June 5, but was lactating on July 29, a lapse of 
44 days. 

Size and Number of Litters. Johnson (1952) obtained an average fetal 
count of 2.25 (Table 6), and Feldman (1935) found two young in each of 
eleven litters of N. m. canescens. My data add little to this information. Four 
females carried young into the traps. Three of these were carrying two 
young each and one had a single young. In the latter instance, the half-eaten 
carcass of a second suckling young was found outside the house. Two is 
apparently the modal litter size for the species, a low fecundity for a rodent, 
but characteristic of the genus ( Rainey, 1956). 

Evidence of Breeding in Males. In general, the percentages of males with 
scrotal testes reflect the breeding trends evidenced by the females (Table 5). 
The fact that some males with descended testes were present in each month 
of the year provides additional evidence of non-seasonality of breeding in 
this population. The highest percentage of males having scrotal testes oc- 
curred during February and March, corresponding to peak female breeding 
activity. Low points in November and January present a rather anomalous 
situation as these months were periods of relatively high female breeding 
activity. This may have resulted partially from trapping activity. Trapping 
was sporadic in 1958 and the periods happened to coincide with periods of 
unusually cold weather. 

The position of the testes is not an accurate indication of breeding condi- 
tion of an individual male. Males may have fully developed testes present in 
the scrotum one night and have abdominally situated testes the next night 
and vice-versa. It is not known how often a particular male may breed, but 
apparently adult males can reach breeding condition at almost any time of 
the year. Perhaps once sexual maturity is reached, there is no subsequent 
period of complete sexual quiescence. 


Behavior and Activity 


Sociability and Temperament. Woodrats are generally antisocial ( Hamil- 
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ton, 1953, Pool, 1940, Rainey, 1956, Vorhies and Taylor, 1940, Wood, 1935). 
Social behavior could not be observed in the field during this study. Six 
individuals were observed in cages, and differences in behavior associated 
with age were noted. These were to be expected, since the young typically 
remain together with the mother until near sexual maturity, while adults 
normally occur only one to a house. 

Two juveniles were caged together for six weeks without conflict. They 
were littermates and were about two months old when first captured. They 
usually remained together in the corner of the cage where nesting material 
was placed. When disturbed, they climbed the wire mesh of the cage to one 
of the top, rear corners and huddled together, each attempting to hide 
beneath the other. 

Two subadults, also caged together, were not littermates and were about 
five months old. They tended to remain apart in the cage, but no fighting was 
ever observed. When an observer approached the cage the woodrats usually 
remained crouched in their respective corners with their heads down, tucked 
between the front feet. They thumped their hind feet in response to rattling 
of the cage or other noises. When the cage door was opened, they raced 
frantically around the enclosure. They climbed the wire mesh but did not 
remain still, as did the juveniles. On some occasions when one ran near or 
came into contact with the other, they reared on the hind legs and boxed 
briefly with the forefeet. No biting was noted. 

An adult male and female were kept in separate but adjoining cages and 
periodic attempts to place them together invariably resulted in fighting. 
Most of these encounters were of short duration and no injuries resulted. 
On two occasions, however, the fighting became serious and might have 
resulted in death or serious injury had they not been separated. Conflict was 
usually initiated by the female when the male came too close or was per- 
sistent in his approaches. Except for the two encounters noted above the 
male retreated as soon as the female exhibited any aggressive behavior. 

All of my field observations indicate that individuals are as anti-social in 
nature as they are in cages. Twenty-four adult woodrats (11 2? and 13 ¢ ô ) 
had recent injuries which could have resulted from fighting. Five females 
and eight males had lost parts of the tail. An increase in the intensity of 
interspecific strife, perhaps resulting from a reduction in the number of 
available homesites, may be indicated by the fact that 13 of the wounded 
individuals were caught in 1960 when the cactus had deteriorated. The 
occurrence of the other 11 was spaced over a two year period. 

Activity. Most of the activity seems to occur between dusk and about 
midnight. During the summer, trap lines normally were run twice during 
the night (about 2000-2100 and 2200-2300) to reduce mortality from fire 
ants. Eighty-two per cent (78 of 95) of the woodrats captured during these 
periods were present when the traps were first visited. For awhile the traps 
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were left open between 2400 and 0700 and only three captures were made 
during the morning hours. This number is not representative as these rats 
were all killed by ants and subsequently the traps were closed after 2300, 
but during the same period, 19 others were caught prior to midnight. 

There was no apparent relation between trapping success and weather 
conditions or moonlight. Rainy nights did not appear to affect trapping suc- 
cess materially, nor was there any appreciable seasonal variation. Rainey 
(1956) noted that N. floridana was more active on dark, rainy nights, but 
may confine its activities to slack periods in the rain. 

Escape Reactions. I was not able to observe a woodrat escape from a 
predator, but did record the behavior following release from the trap. Escape 
reactions varied with the individual and the method and place of release; 
several distinct patterns of behavior were noted. 

The escape reactions were generally swift and sure if the woodrat was 
released in a runway. An individual released a short distance from the run 
often appeared confused, and was apt to run in almost any direction. Gen- 
erally the flight was toward the nearest cactus patch. Two individuals, re- 
leased in an open area about 10 to 15 feet from the opening of their runways, 
ran immediately across 50 to 75 feet of open ground to cactus patches outside 
their normal area of activity. Their reaction seemed a result of panic rather 
than familiarity with the terrain. One of these woodrats was recaptured 
three days later in its home territory. The other was never recaptured. 

Three different techniques were employed to release woodrats after han- 
dling. Some were held in the hand prior to release and either dropped to the 
ground from about three feet or held by the tail and placed gently on the 
ground. Others were put back into the trap after processing. They then 
were carried back to the point of capture, the door of the trap was opened, 
and the woodrats were allowed to leave the trap voluntarily. 

If the animal was released gently and the observer did not move, the 
actions of the released animal were usually unhurried and casual. One sub- 
adult female took a bite of cactus pad and quietly ate while being held by the 
tail. Another young female climbed on the toe of my boot where she sat 
calmly for about 30 seconds. Frightened by a movement of my other foot, 
she dashed headlong into a solid wall of cactus, rebounded, then climbed 
over the cactus and disappeared into the patch. The opening of her runway 
was less than 18 inches from the spot where she hit the cactus and less than 
a foot from where she was released. Other frightened woodrats reacted 
similarly, appearing completely confused. When they managed to find a 
runway, their behavior changed radically. They calmed down immediately 
and either proceeded to their houses or sat down on the spot to groom them- 
selves. They seemed unaware of my presence as long as I remained motion- 
less, but the slightest sound or movement alerted them. Hearing and vision 
(with respect to movement ) seemed to be acute. 
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A complex system of more or less radial runways leads away from the 
house and usually connects with a peripheral run encircling the cactus clump 
just inside the margin. The woodrats orientation to this system is quite 
evident. Rarely will an individual leave a run. When it does, it appears 
confused and disoriented, even to the point of not recognizing its own house. 

The immunity of Neotoma to the sharp spines of cactus has been well 
documented (Hill, 1942; Reed and Carr, 1949; Vorhies and Taylor, 1940). 
I found no cactus spines in any of the rats examined; apparently they are 
able to climb the cactus stems without difficulty or injury. 


Houses 


Structure. Numerous excellent descriptions of woodrat houses are avail- 
able in literature. Finley (1958) has described several houses of N. m. 
canescens in Colorado. A detailed description of a typical house of N. m. 
micropus in the mesquite-cactus habitat in South Texas is included as Ap- 
pendix III. A few typical stick houses found in brushy areas on the Welder 
Refuge do not differ in detail from stick houses in other areas; however, the 
houses on the Welder study plot did not fit the typical pattern expected of 
woodrats. 

Woodrats in the prickly pear-short grass community were handicapped by 
a lack of building material other than the broad stems of the cactus. Most of 
the houses were no more than low mounds, seldom as much as two feet high. 
Only one was of the familiar conical construction. It was situated in a large, 
erect cactus clump which provided aerial support. This house, about three 
feet high with a basal diameter of about five feet, was the only one on the 
plot which could have contained a nest above the surface of the ground. In 
the prickly pear-short grass community, nests are predominantly under- 
ground. Finley (1958) found that N. micropus in Colorado preferred under- 
ground nest sites more than the other species studied. 

The house-building instinct is apparently partially channeled into burrow 
construction. Several of the burrows were occupied almost continuously and 
the occupants made no visible attempt to construct a house beyond the plac- 
ing of a few token pads of cactus around the entrance. It was very difficult to 
count houses accurately or to determine by observation alone whether or 
not a den was occupied. Box (1959) reported a mean number of 12.4 dens 
per acre in the prickly pear-short grass community on the Welder Refuge. 

A well-built, well-situated house is of extreme importance to the survival 
of the occupant, particularly in the northern parts of the range. It provides a 
stable internal environment and protects the occupants from extremes of 
weather (Rainey, 1956). This could be an important survival factor, since 
woodrats exhibit considerable lability in body temperature regulation and 
are susceptible to ambient temperatures just slightly above freezing (Raun, 
in press ). 
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Houses also protect woodrats from some of the predation pressure to 
which other species of rodents are exposed. The evolution of the house- 
building habit, the relatively small litter size, and the long life span of this 
rodent may be closely related. 

A burrow has one serious disadvantage when compared to a house con- 
taining nests above ground level; that is, it is subject to flooding, particularly 
in areas where surface and subsurface drainage are poor. Since xeric condi- 
tions prevail within the range of N. micropus, excessive moisture is seldom an 
important mortality factor, but flooding may have had a serious effect on 
this particular population during the study period. This will be discussed in 
detail later. 

Location. Without exception, the houses were situated inside cactus 
patches. Bushes which would have provided ample support for a house were 
not used. Abandoned armadillo burrows occasionally were occupied by 
rabbits, but there was no evidence that woodrats used them. 

The horizontal and vertical dimensions of the individual cactus clump 
apparently determine whether or not it will contain a house or houses. 
Houses were most numerous in the northwest section of the plot where the 
cactus was the most extensive and the growth form was erect. 

Occupancy. Each woodrat occupied a single house more or less perma- 
nently throughout its adult history. This was more characteristic of females 
than of males. Additional houses were used temporarily but there was no 
evidence of frequent shifting of individuals from one house to another as 
noted by Fitch and Rainey (1956) in their study of N. floridana. It is 
possible that such shifts occur more frequently than noted, and that the 
occurrence was concealed by the nearness of the houses or by gaps in the 
trapping record. Individuals with fairly complete trapping records, however, 
seldom moved from one house to another. All observed range shifts could be 
attributed to some factor such as destruction of the original homesite or 
maturation of a litter. 

Some houses were situated side by side in large clumps of cactus, neighbors 
apparently living in close proximity without antagonism. This non-territori- 
ality is the rule only outside the house, however, which is vigorously de- 
fended by its occupant. A young female woodrat (No. 127) was released and 
followed about 35 feet to a house which was occupied by an adult female 
(No. 9). The young woodrat moved cautiously, pausing frequently and 
sniffing the air. She passed within a few feet of an entrance to the house, 
climbed over the top and entered on the far side. Within a few minutes shrill 
squeals were heard, and a small woodrat (No. 127?) ran out, followed by a 
larger individual (No. 9?). They ran about 10 feet down the runway and 
out of sight. Shortly afterward, the larger woodrat returned and entered the 
house. The smaller rat circled the cactus patch, returned from the opposite 
direction, and re-entered the house. The procedure was repeated almost 
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immediately. The chase lasted a little longer this time. The resident rat 
returned and the other was never recaptured. The young rat was estimated 
to have been about five or six months old and may have been in the process 
of dispersing when captured. She had not been marked previously and her 
actions following release were not typical of a woodrat in familiar territory. 

A second incident was observed at the same house a year later. Male 
No. 239 was trapped about 10 feet from this house. When released, he ran 
directly to the house and climbed to the top where he sat motionless until my 
movement frightened him. He then dashed about 35 feet down a well- 
defined run to a house situated in an adjacent cactus patch. A few minutes 
later there were sounds of a fight coming from this second house. After much 
squealing, a large woodrat emerged and ran unhesitantly into the first house. 
There was no further activity. 

History of Selected Houses. The house described earlier as the only one on 
the plot which was of any size, was occupied by adult Female No. 67 on 
January 2, 1959. She was pregnant at the time and was either lactating or 
had just recently ceased. The site was not retrapped until the summer. 
On July 14, 1959, a subadult female (No. 107) was present. On the following 
day, subadult Female No. 113 was trapped at the same spot. Both were 
virgins and had apparently not reached dispersal age. Female No. 107 
remained at the house until November 29, 1959, and was lactating when 
last captured. Female No. 113 was not recaptured. A subadult female (No. 
166) was present on December 19, 1959. She remained in possession of the 
house until at least October 13, 1960, producing at least three litters. The 
house gradually deteriorated throughout the study period with no indication 
that the occupants made any effort to repair it. It slumped in the center, losing 
its former conical shape. No woodrats were captured here after October 13, 
1960. 

The above house was situated in a large, rather isolated patch of cactus 
and none of the occupants was ever taken outside the home cactus. The 
nearest neighboring cactus was much smaller and was separated by about 
30 feet of open area. It contained a house, little more than a burrow, which 
was apparently exclusively male domain. Male No. 38 was present on Sep- 
tember 24, 1958. No other woodrats were trapped there until December 28, 
1959, when Male No. 168 was marked. The house was probably not vacant in 
the interim as traps set there were repeatedly sprung. Male No. 168 was last 
captured on January 8, 1960. Male No. 212 was in residence from April 5, 
1960, until July 6, when he was killed by ants. Male No. 225 was taken on 
the fifth and thirteenth of October, 1960. 

Another house with a long history of nearly continuous occupancy was 
situated in the center of a very dense clump of cactus. Female No. 22, 
captured 12 times from December 29, 1958, to March 3, 1960, was the only 
adult female taken in this clump. A subadult female (No. 95) was present 
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on June 6 and 12, 1959, and two juvenile males (Nos. 160 and 161) were 
caught November 10 and 19, 1959. All of these were probably the young of 
Female No. 22 and were all subsequently recaptured as adults in other areas. 
Adult Males No. 78 and 223 are known to have visited the area once each. 

Shifts of homes are apparent in the histories of Females No. 159 and 219. 
Female No. 159 was trapped three times in November, 1959, in the vicinity 
of her house. On February 2, 1960, she was occupying a house fifty feet north 
of her original home and in an entirely different cactus patch. She remained 
there and produced three litters until September 1, 1960, when she was 
found dead in a trap. Female No. 219 was first caught as a subadult on 
May 11, 1960. She remained at this house until September 1, 1960. When 
next caught, on November 29, 1960, she had moved about 45 feet to another 
house. Both moves were definite range shifts despite the short distances 
involved and both followed deterioration of the original homesite resulting 
from trampling by cattle. 


Home Range 


An analysis of the home ranges of the individuals in this population is 
greatly complicated by the trapping procedure. Since there were no fixed 
trapping stations, the more satisfactory boundary strip techniques of esti- 
mating home ranges (Blair, 1940a; Stickel, 1954) could not be used. Cal- 
culations of the “minimum home range” (Mohr, 1947) were made. The 
outermost points of capture were connected with straight lines and the area 
of the enclosed polygon was used as the home range size. Home ranges were 
calculated only for adult animals captured at least five times. A few points 
of capture were excluded from calculation since they were far from the 
center of activity and were assumed to represent “occasional sallies outside 
the area, perhaps exploratory in nature” (Burt, 1943). 

The mean home range size of 23 females was 1,699 + 340 square feet and 
that of 15 males was 2,502 + 460 square feet. Home ranges of females ranged 
from 350 to 3,575 square feet and those of males from 225 to 5,950 square 
feet. The difference between male and female home ranges is not statistically 
significant. 

Comparison of the configuration of the trap-revealed home ranges with 
that of the cactus clumps (Figs. 4 and 5) leaves little doubt that any re- 
semblance between the shape of the “minimum home range” and the true 
home range is slight and casts some doubt on the figures for size. Three 
different techniques were used to estimate female home ranges: (1) mini- 
mum home range; (2) area of the cactus clumps known to be utilized; and 
(3) circular home range, i.e., greatest distance between captures=diameter 
of a circular home range (see Hayne, 1949, for discussion ). Results from these 
methods are compared (Table 8). The mean values obtained by Methods 1 
and 2 were nearly identical despite the fact that some of the individual 
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Fic. 4. Home ranges of selected adult females. The dark solid lines enclose the mar- 
ginal points of capture, the lighter lines outline the cactus clumps, and the stippled areas 
represent trees. 
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Y 
Fic. 5. Home ranges of selected adult males. Legend as in Fig. 6. Male #6 was 
caught once outside the area of greatest activity. This is thought to have been a movement 
outside the home range and is indicated by a dashed line. 


TABLE 8 


Home ranges of females calculated by three different methods.* 





Area in Square Feet 
Number of Method Method Method 
Individual I II Ill 
1 850 2200 1082 
3 800 3175 1502 
5 1425 1300 1560 
9 2200 2200 4827 
12 3575 2225 6473 
13 400 115 548 
22 1450 1875 3171 
Zi 7800 2925 11247 
49 925 2401 2550 
62 2525 1550 5897 
65 1600 950 3685 
74 1100 1525 1337 
89 1175 1900 3424 
98 1250 1300 1617 
120 350 1525 732 
131 2300 1425 5350 
139 1375 1650 1617 
143 425 600 813 
144 700 950 1799 
159 1400 1100 2474 
162 1400 1650 1677 
166 975 800 944 
177 ESk abh I re miss 2750 
Means 1699.3 1636.4 2916.3 
St. Error + 339.8 + TAS +259.0 





* For explanation of methods, see text. 


values were quite different. In individual instances Method 2 was probably 
the more realistic. It was assumed that an individual woodrat was utilizing 
the entire cactus patch in which it was caught. This may not have been true, 
but field observations lead me to believe that it is a reasonable assumption. 
A cactus patch with a runway system is usually honeycombed with runs, and 
there is no evidence that the presence of other woodrats inhibits the move- 
ment of an individual through the area. Most values calculated by Method 3 
were much higher than those calculated by Methods 1 or 2. This is to be 
expected, since a circular home range necessarily includes considerable 
territory not actually used by the individual concerned. The same objection 
may be raised for polygonal home ranges, particularly when one compares 
the configuration of the polygons with that of the cactus (Figs. 4 and 5). 
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Since the mean values are so nearly equivalent to those of the presumed 
more nearly true home ranges and since the calculations are more easily 
made, the minimum home range was used. 

This situation is similar to that described by Bider (1961) in which the 
hare (Lepus americanus) was shown to have a home range consisting of 
more or less disjunct areas connected by a narrow travel strip. The woodrats 
utilize vegetational islands (cactus patches) which are separated by areas of 
non-use. The gaps between the islands are bridged by narrow runways. 

The home range diagrams (Figs. 4 and 5) give the impression that there 
is little or no overlap in home ranges. This is not true. Some of the calculated 
home ranges were omitted from the figures for the sake of clarity. There is 
frequent and often complete overlap of home ranges. Territorial tendencies 
are apparently confined to the house. The area occupied by Female No. 74 
(Fig. 4) contained at least two and as many as four concurrent residents of 
both sexes throughout most of the study period until the area was radically 
altered by cattle (Fig. 2b). 

Johnson (1952) utilized a grid system in his study of N. micropus and 
calculated home ranges following Blair's (1940a) technique. He obtained 
values of 0.24 acres (10,425 sq. ft.) for males (N=7) and 0.33 acres 
(13,939 sq. ft.) for the females (N = 8). The respective ranges were 0.09 to 
0.44 acres and “125 yards” to 0.84 acres. Several factors lead me to the 
conclusion that Johnson’s sample was biased in favor of the few individuals 
with the largest home ranges and perhaps included transient individuals. 
The initial spacing of Johnson's traps was 90 X 90 feet and was later reduced 
to 90 X 45 feet. Most of the woodrats in my study failed to move as far as 
90 feet during the study. Linsdale and Tevis (1951) and Vorhies and Taylor 
(1940) found that 50 feet was about the normal range of activity of N. 
fuscipes and N. albigula. Fitch (1958) found that most of the normal activity 
of N. floridana was confined to an area having a diameter of less than 75 feet. 
Johnson was able to recapture only 76 woodrats of a total of 115 marked, 
and 47 of these recaptured individuals were taken at only a single station. 
Stickel (1954) and Hayne (1950) have discussed this problem of trap 
spacing in detail. It is possible that the home ranges of individuals in John- 
son’s study were actually larger than those in my area because of a difference 
in vegetation, but it is unlikely that the differences were so great. 

These home ranges are remarkably small for an animal as large and as 
mobile as a woodrat, but restricted movement seems to be characteristic of 
the genus. 


Movements 


Movements of individuals in a population may be divided into at least 
four categories: (1) normal daily movements within the home range; (2) oc- 
casional moves of short duration outside the home range; (3) range shifts of 
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established individuals; and (4) dispersal of young from the place of birth. 

Normal Daily Movements.—The normal daily movements of individuals in 
this population were generally short and confined to the cactus clump in 
which the house was situated, or limited to short trips between neighboring 
cacti. The normal daily movements (and home ranges) were greatest in 
those areas where the cactus patches were large and closely spaced. Dis- 
tances between captures were also large in areas in which the cacti were 
very small and widely dispersed. However, in the latter situations, the 
woodrats seldom survived long enough for home range to be calculated. A 
woodrat living in cactus large enough to fulfill all its needs tends to move to 
another patch only if it is close by. During normal activity individuals rarely 
cross wide stretches of open area (more than 50 feet) and then only if the 
home patch is too small to supply all of the requirements. 

Since woodrats can often be followed to the house, one can easily pin-point 
the center of their activity. Calculations of movements from the center of 
activity (Table 9) were derived from the records of 35 adult females and 
22 males. Each was captured at least four times, did not shift range, and 
was known to occupy a specific house. These figures provide a better index 
of range of activity than does home range if the home is known. I doubt that 
calculation of a hypothetical center of activity (Hayne, 1949) is less sub- 
jective or more useful than home range in dealing with individual movements 
when data are obtained by live trapping. 

Movements Outside the Home Range.—Movements outside the home 
range are included with normal daily movements in Table 9. Only one of the 
23 females whose home ranges were calculated was known to have moved 
outside her normal area of activity. Six of the 15 males were caught at least 
once outside the home range. These movements may have been associated 
with breeding activity. Only three of the six males had scrotal testes at the 
time of capture, but the position of the testes seems to have little relationship 
to breeding condition. 

The males made significantly longer (.05 level) average and maximum 
movements than did the females. The maximum distance moved by a resi- 
dent female was 160 feet. All other known movements of resident females 
were less than 100 feet. Four of the resident males moved distances of 660, 


TABLE 9 


Distances of movements from the center of activity (= the house). 








Number Mean Mean 
of Average Standard Maximum Standard 
Sex Individuals Distance Error Distance Error 
29 35 92.6 ft. 3.4 50.4 ft. 5.3 
$d 22 46.4 ft. 7.6 IT TIE 28.9 
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310, 210, and 175 feet. At least four additional males moved distances greater 
than 100 feet. Fitch (1958) reported maximum movements of 1,080 ( ¢ ) and 
650 (2 ) feet for N. floridana in Kansas. Lay and Baker (1938) recorded an 
average movement of 108 feet and a maximum movement of 285 feet for 
eight N. floridana in eastern Texas and reported that individuals were able to 
return home after being displaced distances of 600, 1,200, and 1,320 feet. 

Range Shifts.—The spatial relationships of the population were quite 
stable. Movements were short, and shifts in home range were uncommon. 
I was able to document only nine possible range shifts. Apparently, in this 
population most woodrats reach maturity, become established in a home, 
and remain in the immediate vicinity of that home throughout the remainder 
of their lives. If more than one house is used, the second is usually quite close 
to the first. Most of the home range shifts were clearly the result of alteration 
of the original cactus patch. 

The low incidence of recorded range shifts, despite some rather drastic 
alterations in the cactus late in the study, may have been caused by several 
factors: (1) too few recaptures, (2) increased vulnerability of displaced 
woodrats to mortality, and (3) reduction in trapping intensity early in 1961 
and a resultant lack of data following the important decrease in the cactus 
during the fall and winter of 1960. 

Dispersal of Young—A limited amount of information about dispersal in 
this population is available in the records of 21 males and 26 females. These 
individuals were first captured as young, their birth places were known, and 
they were later recaptured as established adults. Eight of the males (35 


TABLE 10 


Dispersal distances of woodrats first captured as young and later as adults. 


ê ô Distance 2g Distance 

No. in feet No. in feet 
11 360 22 160 
47 60 26 280 
64 70 OL 160 
68 580 59 210 
78 100 69 160 
85 370 76 220 
121 120 95 50 
161 260 107 140 
198 ES dá Se 
208 340 183 550 
209 210 220 100 
246 TOG. een. eR a IO a 8 
200—400 -e N S T OA O. AA 

Means 201.4 200.9 


per cent) and 16 of the females (62 per cent) did not disperse. These 
apparently displaced the mother and siblings and retained the birthsite. 
Dispersal distances of the remaining individuals are given in Table 10. If 
only the individuals who dispersed are considered, the male average is 
201.4 feet and the female average is 200.9 feet. If all individuals are con- 
sidered, the male average is 128.2 feet and the female average is 81.8 feet. 
Fitch and Rainey (1956) reported dispersal moves of 110, 220, and 490 feet 
by young N. floridana. In comparison with other small mammals for which 
data are available (Blair, 1953b; Blair and Kennerly, 1959; Howard, 1949), 
young woodrats are quite sedentary. 

The direction of dispersal was not random (Figs. 6 and 7), but was 
closely controlled by the orientation of the cactus (Fig. 1). Even during 
dispersal, the woodrats are apparently hesitant about leaving the cover af- 
forded by the cactus. 

Many authors have tended to discuss dispersal from the standpoint of the 
young only. Blair (1953a) stated, “Gene distribution in the population is 
effected chiefly through the dispersal of young individuals as they approach 
sexual maturity.” The implication is that the young are driven from the home 
by hostile adults, as are young muskrats (Errington, 1939). This may be the 
situation with some rodents but it is not necessarily true of woodrats, and 
certainly not of black-tailed prairie dogs. King (1955) has demonstrated that 
the adult prairie dog frequently leaves the home. Many young woodrats in 
this study did not disperse, and Fitch and Rainey (1965) record seven in- 
stances in which maturing N. floridana remained at the place of birth. They 
were able to trace two of the mothers to new houses. 

The apparent preponderance of non-dispersing young in the sample may 
be a result of bias since these young are the ones most likely to be recaptured. 
In addition the young woodrats are not easily trapped, and most were not 
captured until they had already dispersed. 


Spatial Distribution 


The relationship between density and growth form of the cactus and the 
distribution of the woodrats has been discussed previously in general terms. 
In order to obtain a statistical analysis of this relationship, the study area was 
divided into sections of 2,500 square feet. Density of cactus per section 
(per cent coverage ) was plotted against number of captures of woodrats per 
section (Fig. 8). The coefficient of correlation is highly significant (r = .89, 
P > .001). Those sections in which there was no cactus (i.e., the western 
corner and the area along the lake edge) contained no woodrats. Cactus is 
not an absolute necessity since woodrats do occur in areas of thick brushy 
vegetation on the Refuge and elsewhere in southern Texas. However, dense 
growths of prickly pear seem highly desirable if not necessary for main- 
tenance of high population density. 
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Fic. 6. Dispersal movements of young males. Major cactus growth is enclosed by the 
dotted line. 


It is apparent that proximity to an occupied house plays little, if any, part 
in an individual woodrat’s choice of a home. If a house is available and 
situated in a desirable clump of cactus, it will be occupied despite the 
presence of another occupied house only a few feet away. The sex of the 
neighbor is not an important factor. Fighting does occur, but seems to 
involve primarily interaction between residents and transients. The fre- 
quency of this interaction should vary directly with population density. 
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Fic. 7. Dispersal movements of young females. Major cactus growth is enclosed by the 
dotted line. 


When most of the houses are occupied, social stress intensifies, mortality 
increases, natality decreases, and the population level is depressed. 


Temporal Distribution 


Survival.—This study was too short to permit an accurate estimate of 
longevity, and the data can provide only a crude approximation since the 
actual date of birth or death is not known. Blair (1953b), Spector (1956), 
and Altman and Dittmer (1962) have summarized records of survival of 
several species of small mammals. In comparison with most other rodents, 
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Fic. 8. Relationship of woodrat activity to cactus cover. The vertical axis is the num- 
ber of captures per 2500 sq. ft. section; the horizontal axis is the percentage of the section 
covered by cactus. 


N. micropus has a long life span. This long life is probably a direct result of 
the house-building and cactus-inhibiting adaptations which reduce effects 
of adverse weather and predation. Survival data for Thomomys bottae 
(Howard and Childs, 1959) and for Geomys bursarius (Wilks, 1963) indi- 
cate that pocket gophers, protected by their burrow systems, also have 
relatively long life spans. 

Survival curves for individuals marked as adults (Fig. 9) and as young 
(Fig. 10) indicate a tendency for females to live longer than males. Average 
known length of survival after marking was 7.6 + .62 months for females 
(N = 83) and 5.6 + .52 months for males (N = 65). The difference between 
means is not quite significant at the .05 level. If the less mobile females are 
more susceptible to trapping than are males, the survival of females would 
appear greater than males because of more complete records. However, the 
males tend to wander farther than do females; therefore, one would expect 
a disproportionate survival ratio. 

Survival values for males and females first marked as young (Fig. 10) are 
nearly equal until about the fifth month after marking; then the curves 
diverge widely with males disappearing at a much faster rate. Dispersal 
occurs at about six months of age. Prior to dispersal, both sexes apparently 
remain near the house, and there is no apparent reason why mortality at that 
time should be sex selective. Mortality is probably highest during the critical 
dispersal period. Possession of a house is essential to survival; therefore, 
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Fic. 9. Rate of disappearance of woodrats which were adults at first capture. This is 
based on the months of known survival after marking and does not represent a survival 
curve except in the crudest sense. 
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Fic. 10. Rate of disappearance of woodrats which were juveniles or subadults at first 
capture. 
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females, being more prone to remain at the place of birth, should have 
greater survival values than males at this time. 

Figures 9 and 10 are based on individuals which were marked prior to 
August, 1960. The adults were at least six months old when first captured so 
that a minimum of six months must be added to the survival period to obtain 
a more accurate estimate of longevity. The resultant longevity figures are 
still too low in most instances since many adults were more than six months 
old at first capture. 

Attempts were made to estimate the age at disappearance of some indi- 
viduals (Table 11). It must be emphasized that there may be large error 
involved in the estimation of age at first capture. It seems likely that the 
initial estimate may be too low in most instances. Females No. 3 and 49 and 
Males No. 7 and 58 were almost certainly more than one year old when 
marked. 

Maximum known survival was 27 months. This individual, Female No. 27, 
was about four months old when marked. Female No. 26 was at least six 


TABLE LI 


Estimated ages of some woodrats with long survival records at disappearance. 





Marked as Adults 








Est. Age Known Est. Age Known 
No. First Capture Survival No. First Capture Survival 
1 5 mo. 12 mo. 7 12 mo. 12 mo. 
3 12 12 19 6 127 
9 10 11 24 12 12 
15 12 12 58 12 12 
26 6 26 79 12 21 
36 5 14 124 6 16 
49 12 24 
62 8 29 
65 6 14 
74 10 13 
89 8 15 
131 10 14* 
144 10 12 





Marked as Young 








22 4 19 87 4 16 
27 4 27 
53 3 12” 
93 3 12 
98 4 12 
183 3 12 
* Killed in trap. 


months old at first capture and remained on the plot for at least 26 months. 
Thirteen females, first marked as adults, survived for at least 12 months and 
six, marked as young, remained for at least one year. The maximum known 
survival for an adult male was 21 months (No. 79) and one (No. 87), marked 
as young, survived for at least 16 months. At least some woodrats reach three 
years of age. Apparently there is a direct relationship between length of 
survival, location of the house, and permanency of the occupant. Almost 
without exception the individuals that survived for at least 12 months were 
occupying areas in which the cactus clumps were large, dense, and closely 
grouped. About half the individuals that survived from six to 12 months 
were in excellent habitat and most of the remainder occupied only slightly 
less favorable areas. Some areas of the plot changed from excellent to poor 
habitat, resulting in decreased utilization of these areas and survival of the 
occupants subsequent to the alteration. Some houses which had been oc- 
cupied almost continuously, were abandoned or used only as temporary 
shelter. 


POPULATION DYNAMICS 


Population Size.—Population size was estimated by counting the number 
of individuals caught during a given month and if an individual was known 
to have been present both before and after the month in question but was 
not caught during the month, it was assumed to have been present and was 
added to the total. An additional adjustment was made; i.e., adult woodrats 
were considered to have been present for two months prior to their first 
capture and juveniles and sub-adults for one month. Each individual was 
considered to have died on the date of last capture and no records were ex- 
tended beyond that date. It is probable that the resulting population figures 
are underestimates. 

During the 30-month period of maximum trapping activity (July, 1958, 
through December, 1960), the adjusted population levels varied from a high 
of 92 in July, 1959, to a low of 27 in December, 1960 (Fig. 11). After 
December, 1960, there was a steady and rapid decline in the population, 
culminating in virtual extinction by August, 1961. From September 1, 1961, 
to September 1, 1964, only six individuals were trapped in 375 trap nights. 
The maximum known population for any given month during this period was 
three in June, 1964. In the summer of 1964 cactus growth improved and for 
the first time since August, 1961, woodrats were active outside the fenced 
area. When the cactus recovers one can expect the woodrat population to 
become re-established. 

Population Density.—Population density, expressed in terms of individuals 
per unit area, is a more definitive reference figure than population size. 
Density provides an index of crowding and hence some insight into the 
intensity of habitat utilization and social interaction within the population. 
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Fic. 11. Fluctuation in population numbers by sex and age. 


In order to reduce the inherent discrepancy between calculated and actual 
density, the area of the plot was reduced from 9.0 acres to 7.3 acres, eliminat- 
ing areas of non-use by woodrats—areas which did not support cactus. Since 
most of the plot was bordered by unfavorable habitat, no adjustments were 
made by adding a boundary strip (Dice, 1938; Blair, 1940a; 1941b) or sub- 
tracting one (Stickel, 1946). 

During July, 1958, the population was at a relatively low density, about 
six woodrats per acre, and this level was generally maintained through 
November, 1958 (Fig. 12). A gradual and steady increase in density fol- 
lowed, culminating in a peak of 12.6 woodrats per acre in July, 1959. (Minor 
fluctuations from month to month are a result of variation in trapping. ) 
It is possible that the density figures for the first five months (July-Novem- 
ber, 1958) are somewhat low; however, trapping success during this period 
averaged about 17 per cent and in July, 1959, 28 per cent of the traps set were 
successful. It seems clear that there was an increase in density from the 
summer of 1958 to the summer of 1959. At the beginning of the study the 
region was just beginning to recover from the effects of the severe drought, 
and while the growth of cactus may have been favored by the drought, cover 
from other vegetative elements was sparse. The plot appeared to be a mosaic 
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Fic. 12. Fluctuation in population density. Solid line indicates adult population; 
dashed line total population. 


of cover provided by cactus, with open areas supporting only short grasses, 
broomweed, and scattered running mesquite. During the spring of 1959 a 
great proliferation of the running mesquite increased the amount of cover 
between cactus clumps. This increase in cover density may have had some 
bearing on the increase in population density by reducing predation; it is 
also possible that some adjustment of reproduction within the population 
was involved. No direct evidence supports either of these assumptions, but 
it seems unlikely that predation was effective in population control, 

Immediately following the population peak there was a decrease in den- 
sity to about 10 woodrats per acre. This remained relatively stable until the 
late spring of 1960, at which time a steady downward trend developed; and 
by December, 1960, the estimated density had dropped to 3.7 rats per acre. 
Trap success decreased sharply during the fall of 1960, from about 50 per 
cent to 10 per cent success. The decrease continued, and by August, 1961, no 
woodrats could be located. 

Despite the fact that the population fluctuated from an estimated density 
of 12.6 to 0.0 during the study, I feel that one of the distinguishing character- 
istics of this population was stability, particularly in comparison with popu- 
lations of other rodents on the area which fluctuated widely (Raun and 
Wilks, 1964). The decline in population in 1960 and 1961, the major recorded 
fluctuation, was caused by ecological conditions which must be considered 
abnormal and which resulted in radical alteration of the community as a 
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whole. At least 90 per cent of the cactus was destroyed, primarily by adverse 
weather, and as a direct consequence the woodrat population was eliminated. 


Population Structure 


Age Classes.—Adult animals comprised the bulk of the population at all 
times (Fig. 11). The sample is biased in favor of adults since the young are 
much less susceptible to trapping, but it is doubtful that the ratio of young to 
adults approached 1:1 at any time. This preponderance of adults is a 
reflection of non-seasonal breeding and small litter size. 

Productivity is inherently low and spread over the entire year, eliminating 
seasonal peaks in the number of young which characterize populations of 
rodents with greater fecundity and restricted breeding periods. Northern 
and southern rodent breeding cycles have been discussed (Stickle and 
Warback, 1960), and this population differs from both in that the breeding 
cycle, if it exists at all, has a tendency to be bi-modal (spring and fall). 
Preliminary evidence indicates that other rodents in the community have 
either a non-seasonal breeding cycle (Raun and Wilks, 1964), or a southern 
(winter breeding) cycle as described by Blair (1951), McCarley (1954, 
1958 ), Odum (1955), and others. 

Sex Ratio.—During the first six months there was a statistically significant 
surplus of females over males (Table 1). During the population expansion 
phase (spring of 1959), males increased in number more rapidly than did 
females. By May and June, 1959, the sex ratio had reversed, with males 
slightly outnumbering females. Subsequently, males decreased in number 
more rapidly than did females. 

The increase in number of males in 1959 may have been related to im- 
proved cover and homesites since during this period there was a noticeable 
increase in vegetation on the area. Since males tend to move farther, on the 
average, than females, they undoubtedly spend more time outside the pro- 
tective cover of the cactus which might increase their exposure to mortality 
factors. It is doubtful that predation has much influence upon total popula- 
tion density, but it would influence sex ratio if one sex were exposed to 
greater predation pressure than the other. The difference in dispersal be- 
havior between young males and females may also enter into the problem. 
The tendency for young females to remain at the birth site more frequently 
than males would favor their survival. Differential survival during this critical 
phase of life would unbalance the sex ratio of the adult population, particu- 
larly if homes were in short supply and cover was scarce, Dispersing young 
males and wandering adult males would be more likely to invade new areas 
as they develop; thus as the habitat improved, the number of males increased 
to the point at which sex ratio was even. 

As the upper limits of population density were reached in late 1959, and 
competition presumably became more intense, the females may have been 
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TABLE 12 


Population structure: sex ratio and age class. 


Adults Young 
Month No.g ¢ No.2? 2868 X? No. ô No.99 %88 % Adults 
1958 
Jul. 11 28 28 pAn 2 4 33 87 
Aug. 12 28 30 6.4** 3 4 43 85 
Sep. 11 28 28 ee alle 1 3 25 91 
Oct. 10 26 28 EE ei 0 2 0 95 
Nov. 12 35 26 LS” 0 2 0 96 
Dec. 10 21 32 3.9* 1 3 25 89 
1959 
Jan. 10 18 36 2.3 1 1 50 93 
Feb. 12 20 38 2.0 1 1 50 94 
Mar. 13 20 39 1.5 4 2 66 85 
Apr. 20 24 45 0.4 4 2 66 88 
May 33 28 54 0.4 8 { 53 80 
Jun. 38 29 57 1.2 10 13 43 74 
Jul. 40 40 50 0.0 4 8 33 87 
Aug. 31 33 48 0.0 3 5 38 89 
Sep. 30 35 46 0.4 2 4 33 92 
Oct. 26 33 44 0.8 2 6 25 88 
Nov. 21 32 40 2.3 3 7 30 84 
Dec. 14 34 29 q” 7 10 41 74 
1960 
Jan. 16 33 33 5.9° 8 9 47 74 
Feb. 15 27 36 3.4 10 ji 59 AL 
Mar. 21 29 42 1.3 7 6 54 79 
Apr. 20 27 43 1.0 6 9 40 76 
May 22 32 41 1.9 8 7 53 78 
Jun. 20 31 39 2,4 6 5 55 82, 
Jul. 21 30 41 1.6 2 2 50 93 
Aug. 19 27 4] 1.4 2 2 50 92, 
Sep. 25 27 48 0.0 1 1 50 96 
Oct. 20 20 50 0.0 1 1 50 95 
Nov. 14 14 50 0.0 1 1 50 93 
Dec. 12 13 48 0.0 2 0 100 93 





* Significant at .05 level. 
%* Significant at .01 level 


better able to defend their homes. The houses of the wandering males would 
be left unattended for longer periods and accordingly would be more vul- 
nerable to invasion. This presumed increase in social pressure, coupled with 
a decrease in cover during the fall and winter, may have been responsible for 
the large decrease in the numbers of males (Fig. 11). Clough (1965) found 
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a considerable variation in sex ratio of wandering lemmings. At the begin- 
ning of the wandering period about two-thirds of the wanderers were males. 
Later in the period the sex ratio was about equal. This wandering seemed to 
be related to social stress, and the mature females “. . . chased away every- 
one, from males larger than themselves to young recently emerged from the 
nest.” (Clough, 1965: 207). If these wanderers, mostly males, are subjected 
to high mortality or emigrate from the population, the sex ratio could be 


profoundly affected. 
Natality 


The Breeding Population —In a promiscuously breeding population, the 
number of males present has little bearing on the reproductive potential of 
that population. Of course, should males be so few that some females remain 
unmated, the reproductive potential would be reduced. 

The number of adult females remained remarkably uniform until the last 
few months of 1960 (Fig. 11). As a result there were no extreme changes in 
reproductive potential. The mean number of females present per month was 
27.4 with extremes of 13 and 40. The low density of females during the 
period from November, 1958, to May, 1959, was a result of trapping activity 
and is not a true indication of the population pattern. 

Potential and Estimated Reproduction.—Since known population levels 
fluctuate monthly and since no well defined breeding season exists, a valid 
analysis of potential and estimated reproduction is extremely difficult. Data 
were grouped by six month periods and average figures were used. Admit- 
tedly, the derived values (Table 13) are crude, but they should provide a 
useful index for comparison. 

Reproductive potential was calculated by multiplying mean number of 


TABLE 13 


Potential and estimated reproduction in the population. 


Mean No. Potential Production Estimated Production Number 


2 2 per % of young 
Period month Litters Young Litters Young potential marked 
Jul.—Dec. 21.1 41.6 95.7 20 50 52 12 
1958 
Jan.—Jul. 23.1 34.7 79.8 14 35 44 19 
1959 
Jul.—Dec. 300 EE 122.6 30 75 61 23 
1959 
Jan.—Jul. 30.0 45.0 103.5 26 65 63 37 
1960 
Jul.—Dec. 21.8 32.7 19.2 20 50 67 8 
1960 
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females per month by average litter size by number of litters per female 
per period. The average litter size for N. m. micropus is 2.3 (Table 6). Some 
females may produce as many as five litters per year, but this is rare and the 
mode appears to be about three, or 1.5 per six-month period. Figures for 
estimated production were derived from breeding charts which were main- 
tained for each female. A litter was counted for each lactating, recently 
lactating, or pregnant female. 

Potential production and estimated production exhibit the same pattern 
of response to the level of the population (Table 13). As the population level 
rose and fell, so did potential and estimated reproduction. An entirely 
different pattern, however, is seen in the percentage of potential realized 
which was highest while the population levels were decreasing. It seems 
likely that during the first two periods (July-December, 1958, and January- 
July, 1959) the production of young was higher than is indicated in Table 13. 
Obviously, litters were being produced but not recorded during these 
periods of reduced trapping activity. Apparently a higher percentage of the 
potential number of young are actually produced during periods of low 
density than when the population density is high. The implication is that the 
ratio of breeding to non-breeding females was higher when the population 
density was low. This implication is strengthened by an analysis of the 
percentage of breeding females in the population (Table 14). It becomes 
evident that fewer females were breeding during the peak population den- 
sity. There is an apparent anomaly in Table 14 in that more females are 
shown present during July-December, 1960, despite the fact that this was 
the period of population decline. This may be explained as a result of high 
population turnover during this period. More different individuals were 
handled, but they survived for only short intervals. 

This reduction in breeding activity was probably related to social pressure. 


TABLE 14 


Seasonal variation in percentage of breeding females in the population. 





Number 

Period ? 2 Present % Breeding 

July—Dec. 36 50 
1958 

Jan.—June 38 32 
1959 

July—Dec. 54 37 
1959 

Jan.—June 43 61 
1960 

July—Dec. 65 69 
1960 
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Overcrowding might be expected to have an important effect upon an animal 
as anti-social and house-dependent as a woodrat. Overcrowding would in- 
crease the competition for homesites and consequently increase the amount 
of fighting between individuals. This increase in social conflict may well have 
had a marked dampening effect upon breeding. Wynne-Edwards (1962; 
1964) and others have discussed this aspect of social behavior in considerable 
detail. 

Survival to Sexual Maurity.—Mortality of young is an important element 
which widens the gap between potential production and actual additions to 
the population. Only a small percentage of the potential number of young 
survive to sexual maturity. 

There are numerous sources of error involved in estimating survival to 
sexual maturity in this population. Many of the young were not captured 
until they were adult. Some individuals marked as young could have reached 
sexual maturity, remained on the plot, and bred without being captured as 
adults. The calculations of survival and disappearance (Tables 15 and 16) 
may not be absolutely correct, but should be of value for comparison be- 
tween periods. 

Survival of young was reduced during the population peak (July—-Decem- 
ber, 1959) and during the decline period (July-December, 1960). Highest 
survival occurred during the population buildup (January-July, 1959) and 
during the level-off following the peak (January-July, 1960). This bimodality 
seems related in part to population density and availability of homes. The 
availability of a vacant house is important to survival of a dispersing woodrat; 
and as the population increased, most of the houses on the plot were occupied 
by adults, resulting in the increased mortality of the young. 


TABLE 15 


Survival to sexual maturity of marked young. 





Number Known 


Number Surviving % Survival % of % of 
Young to Sexual to Sexual Potential Estimated 
Period Marked Maturity Maturity Production Production 
July—Dec. 12 7 58 Y 14 
1958 
Jan.—June 19 14 74 18 40 
1959 
July—Dec. 23 7 30 6 9 
1959 
Jan.—July 37 17 46 16 26 
1960 
July-Dec. 8 2 25 3 4 
1960 





This decrease in survival is not entirely attributable to the availability of 
homesites; weather may have been a direct cause of increased juvenile 
mortality. During the heavy rains of the fall of 1960, many burrow systems 
were flooded for a week or more at a time. This severe flooding occurred 
several times and could have caused heavy loss of nestling young. No young 
woodrats have been captured on the plot since February, 1961, although 
lactating females were trapped twice. 

Immigration and Emigration—Another source of population increase is 
the introduction of new individuals into the population by immigration. It 
has been shown (Blair, 1940b; and others) that rodents tend to move into an 
area of low population density from one of high population density. For 
immigration to be of importance, there must be nearby areas in which the 
population pressures are sufficient to cause emigration. There must also be 
intervening avenues of approach through favorable habitat. While the study 
plot was not entirely isolated from the neighboring areas of favorable 
habitat, it was nearly so, and the adjacent area appeared to have a population 
density similar to that of the study plot. Certainly it was no higher. Traps 
were set outside the study plot, but no marked woodrats were taken more 
than 50 feet from the boundary. Some marked woodrats were captured less 
than 50 feet from the plot, but these were all individuals whose home ranges 
were on the boundary. I have chosen, therefore, to consider immigration and 
emigration as being of little consequence in this situation. 


Mortality 


It is impossible, except in rare instances, to determine the cause or the 
date of death of any individual in the population. In this study each marked 
woodrat was assumed to have died on the day of last capture. This is an 
arbitrary assumption which tends to minimize survival estimates. 

The rate of disappearance of individuals from the population, a crude 
index of death rate, is plotted according to the season in which the indi- 
viduals were marked (Fig. 13). The slope of the lines is a relative measure of 
the disappearance rates for the various periods. During the summer, fall, and 
winter of 1958, the lines have quite similar and relatively shallow slopes. 
Mortality apparently decreased during the spring of 1959 and then sharply 
increased with the summer sample of 1959. From that period to the end of 
the study, the lines slope steeply. The distinct increase in apparent mortality 
was coincidental with the population peak. 

During the first year of the study, mortality from season to season was 
relatively low (Table 16). In each of the four seasonal samples prior to the 
peak density in the summer of 1959, 90 per cent mortality was not reached 
until at least the fifth or sixth season following marking. After the peak 
density, 90 per cent mortality was reached by the third or fourth season after 
marking. This is even more distinct when it is noted that low trapping 
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TABLE 16 


Rates of disappearance of marked individuals from seasonal population samples. 





Season Marked Per cent of original sample disappearing 
by seasons after marking 


1 2 3 4 5 6 Y 8 9 10 





Summer 758 29 DO 69 69 90 93 93 95 95 98 
Fall 54 73 73 80 93 93 93 93 93 
Winter '58—'59 33 33 33 67 67 89 89 100 

Spring 19 44 62 69 87 94 94 

Summer 53 72 86 90 92 98 

Fall 64 73 82 91 100 

Winter 59-60 67 78 85 93 

Spring 43 63 80 

Summer 47 79 

Fall 67 





activity during the fall and winter of 1958 increased the apparent mor- 
tality rate of the first two seasonal samples. 

Comparison of survival of woodrats marked prior to the population peak 
with that of the post-peak sample indicates that the high population density 
was largely responsible for increased mortality (Table 17). There was no 
statistically significant difference in survival between the two samples for 
the first season. After the first season there was a significant reduction in 
survival in the post-peak sample. 

One could interpret this increase in mortality in the light of the socio- 
psychological stress theory (Christian, 1963, and numerous references cited 
therein). The woodrat is a highly anti-social animal, actively defending his 
house against intrusion by other members of the species. As houses are 
probably the most important single factor limiting the population, one might 
logically argue that competition for houses during periods of high population 
density would create a high level of social stress; indeed, this seems to have 
been true. Several recent authors (Chitty, 1960, Mullen, 1960, Negus, et al., 
1961, Haines, 1961) have questioned the validity of the Christian theory. 
This study was not designed to test social stress, and no data are available 
either to support or contest Christian’s views; however, I feel that increased 
social pressure had a direct influence upon the observed increase in mortality 
rather than acting through adreno-pituitary exhaustion. The lack of good 
houses during the population peak may have increased the mortality of 
woodrats without houses, or with sub-standard houses, and simultaneously 
caused a reduction in reproductive activity. 

Box’s (1959) estimate of 12.4 dens per acre in the prickly pear-short grass 
community agrees closely with the peak population density of 12.6 woodrats 


TABLE 17 


Comparison of survival of woodrats marked before and after the population peak.* 





Pre-peak Sample Post-peak Sample 
Seasons after Mean No. Mean No. 
Marking Surviving Range ESE, Surviving Range CS E 
1 66.3 46-81 8.2 43.3 33-57 6.0 
51.3 37-67 7.4 27.0 21-37 3.6 
3 43.3 31 67 9.1 16.8 14 20 ES 
4 28.8 20 33 33 8.7 7 10 0.7 
5 15.8 7-33 Lie 4.0 E: WF 
6 7.8 6-11 4.9 1.0 Aa rs ss 
E 7.8 6-11 4.9 
8 4.0 E a 
9 4.0 07 E PEE 
10 1.0 E AA 





° All figures corrected to an initial population of 100. 
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per acre (Fig. 12). While Box's estimate may be minimal, so are my density 
estimates and the close agreement between the two estimates is indicative 
that most, if not all, available homes were occupied. The sharp decrease in 
population density and concomitant increase in mortality in the fall of 1960 
seems related to deterioration of habitat and probably to increased litter 
mortality caused by climatic conditions. 


Regulation of Numbers 


The problem of attempting to explain the mechanisms which operate to 
regulate the numbers of individuals in a natural population is one of the 
most important and difficult tasks facing the student of population dynamics. 
Nicholson (1933), Smith (1935), Lack (1954), and many more recent 
authors expressed the belief that populations are self-regulating through the 
operation of density-dependent factors. A quite different viewpoint, which 
has also attracted its followers, has been expressed by Andrewartha and 
Birch (1954). It is their opinion that “The numbers of animals in a natural 
community may be limited in three ways: (a) by shortage of material re- 
sources, such as food, places in which to make a nest, etc.; (b) by inacces- 
sibility of these material resources relative to the animals’ capacities for 
dispersal and searching; and (c) by shortage of time when the rate of in- 
crease r is positive.” The third factor (c) is regarded by Anderwartha and 
Birch as being the most important, and the first (a) as the least important. 
Blair (1960) has expressed the opinion that the true explanation lies some- 
where between the two extremes and that populations are regulated by a 
complex interplay between density-dependent and density-independent fac- 
tors. The evidence provided by this study tends to support Blair’s viewpoint, 
although density-dependent factors are by far the most important. 

The upper limit of the population in this community is determined by the 
number of homesites, which is a direct function of the density and condition 
of the cactus. Unfavorable environmental conditions may depress the popu- 
lation below the limit imposed by homesites. Excessive rainfall in the fall 
and winter of 1960 caused burrow flooding, which probably increased juve- 
nile mortality. It is not clear why the population was low in 1958. Possibly 
the year of drought preceding the initiation of this study may have caused 
accelerated cactus growth to which the woodrat population was just begin- 
ning to respond when the study began. Unfavorable environmental condi- 
tions have their greatest effect on the population indirectly through the 
influence on cactus growth. 

During periods of low population density the intensity of breeding was 
higher and mortality lower than during the population high. This would 
seem to be a result of density-dependent factors working to push the popula- 
tion level toward the maximum and to hold it close to that point. Since the 
survival of maturing young seems directly related to the availability of a 


[ 46 ] 


suitable, unoccupied house, the percentage of survival to sexual maturity 
would be expected to be greatest when the density was lowest. 

A second line of evidence which points to the functioning of density- 
dependent factors in the regulation of the population numbers is the change 
in the mortality of adults. Mortality was much lower in the pre-peak sample, 
and as the density of the population increased, the rate of disappearance also 
increased (Fig. 13). No exact causal agent can be pinpointed, but it is more 
probably related to increased social stresses rather than to food supply. The 
primary source of food (cactus) was present in abundance at all times until 
1962, and there was no evidence that woodrat utilization had any limiting 
effect upon the extent or abundance of cactus. Food supply was probably 
the least important factor in the regulation of this population. 

The regulation of numbers in this population was primarily controlled by 
density-dependent factors. Changes in breeding intensity and mortality rates 
appear to be directly related to the availability of houses. This is roughly 
equivalent to factor a of Andrewartha and Birch (1954), which they con- 
sidered of least importance. Adverse ecological conditions (at least partially 
independent of density) can override the primary density-dependent con- 
trols and depress the population level. If the carrying capacity of the com- 
munity has not been permanently lowered by these adverse conditions, then 
density-dependent factors will again push the population back toward the 
former limits and hold the population at a level slightly below that maximum. 
I can see no way in which a regulating factor that is density-independent can 
function to increase the population; but the distinction between density- 
dependent and density-independent factors may be largely semantic and the 
argument may have little reality. 

The male segment of the population is apparently more complexly regu- 
lated than is the female segment. The maintenance of the male population 
level below that of the females is thought to be related to the males’ greater 
tendency for wandering. Differential levels of social antagonism may be in- 
volved, but evidence of this is lacking. 


Summary 


A population of woodrats ( Neotoma micropus ) was studied on a nine-acre 
tract in South Texas from July, 1958, to September, 1964, in an effort to 
obtain information on life history and population dynamics. Two hundred 
seventy-five marked individuals were trapped 749 times. 

The local climate is such that seasonality is not extreme. Summers are 
long and hot and winters are short and mild with the temperature seldom 
remaining below freezing for more than a few consecutive days. The average 
annual precipitation is about 30 inches. Severe drought conditions had pre- 
vailed for several years prior to the initiation of this study; rainfall was above 


[ 47 ] 


average, however, during the study period and 1960 was one of the wettest 
years on record. 

The study plot was situated in a prickly pear-short grass community. The 
dominant vegetative element was prickly pear cactus (Opuntia lindheimeri), 
which covered about 70 per cent of the plot when the study began. The only 
woody plants were mesquite (Prosopis juliflora) and granjeno (Celtis pal- 
lida). Most of the habitat surrounding the plot was unfavorable for woodrats. 
Seasonal changes in the composition of the vegetation were slight and of 
little consequence to the woodrats. 

Coyotes (Canis latrans) and rattlesnakes (Crotalus atrox) were the most 
important predators on woodrats in this community. The relationship be- 
tween the woodrats and most of the vertebrate associates was apparently 
neutral, although possible competitors (Sigmodon hispidus and Baiomys 
taylori) were present. The action of Hereford steers resulted in competition 
with the woodrats and had a deleterious effect on the population of the latter. 

Growth and development from birth to sexual maturity is retarded in 
comparison with most rodents, sexual maturity being reached in about the 
fifth or sixth month. No sexual dimorphism is apparent until about 18 months. 
Beyond this age males are heavier than females in the same age group. 

At least one female attempted to breed in her fourth month. Most females 
bred for the first time by the sixth month and some produced two litters by 
the end of their first year. Males apparently do not breed at as early an age 
as females. 

Breeding occurs essentially year-round, with no marked breeding season, 
although there was a slight indication of fall and spring peaks and a late 
summer low. The gestation period is less than 33 days as has been reported 
(Feldman, 1935). Contrary to literature reports, N. micropus is polyoestrous 
(in South Texas at least) and individual females may produce as many as 
five litters per year. The average litter size is 2.25. 

Woodrats are antisocial. Plural occupany of houses is limited to females 
with litters. Caged adults fight and field evidence indicates that houses are 
vigorously defended against intruders. 

Activity is almost exclusively nocturnal. The behavior and escape reactions 
are adapted to the inherent tendency to utilize runway systems. The move- 
ments of woodrats in familiar runs are quick and sure. Individuals released 
only a few inches from their runs are hesitant when danger is not recognized 
and panic-stricken when frightened. 

Poor building material in this community precludes the construction of 
typical conical houses. Nests were primarily underground and burrowing 
activity has largely replaced the house-building habit in this population. 
Histories of several houses are given. 

Each individual occupied a home range which centered around its house. 
The size and shape of the home range was dependent upon the extent of the 
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home cactus and the distance between neighboring clumps. Males had larger 
home ranges (2502 + 460 sq. ft.) than did females (1699 + 340 sq. ft.). 
Males also tended to wander farther and to undertake more frequent and 
longer exploratory forays outside the home range. Some range shifts occurred 
but these seemed to be the exception and usually resulted from alteration of 
the original home range. 

The maximum recorded dispersal distance of a maturing young was 580 
feet. There was no apparent difference in dispersal distances of young males 
as compared with young females but the females are much more prone to 
remain at the place of birth, apparently displacing the mother. 

N. micropus has a relatively long life span for a rodent. Females survived 
longer than males, on the average. Eighty-three females averaged 7.6 + .62 
months survival after marking and 65 males averaged 5.6 + .52 months. At 
least six months must be added to these averages to determine minimum 
longevity, as all these individuals were adults when first caught. At least a 
few individuals reached three years of age. There was a correlation between 
length of life and extent and quality of the cactus patch inhabited. 

The population was at a fairly low level when the study began in the sum- 
mer of 1958. It increased to a peak in the summer of 1959, leveled off until 
the fall of 1960, when a downward trend developed, and continued to de- 
crease until August, 1961. At this time the population was essentially extinct. 

The adult female segment of the population was much more stable than 
either the adult male or the young segments. Most of the population fluctu- 
ations resulted from changes in the numbers of the latter two. Females out- 
numbered males initially. The situation was reversed during the population 
increase and males came to outnumber females. After the population peak 
there was a sharp decrease in the number of males. Females remained pre- 
ponderant until the fall of 1960, when the sex ratio again become equal. 

Evidence is presented which leads to the following interpretations of the 
factors which regulate numbers in this population. 

(1). The upper limit of the population was determined by the number of 
houses. Food supply was not an important factor. 

(2). Differential mortality between males and females probably resulted 
from the tendency of males to wander farther. This differential mortality 
modified and complicated the limitations imposed by homesites. 

(3). When the population density was low, increased production of young, 
increased survival to sexual maturity, and decreased adult mortality com- 
bined to elevate the population level. 

(4). As the population level approached maximum density, the adequate 
houses were filled. New individuals were forced into sub-standard houses 
and competition for good sites increased. As a result reproduction declined 
and mortality increased. The population was depressed by these density- 
dependent factors. 
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(5). The population numbers were regulated primarily by density-depen- 
dent social interaction; but during the fall of 1960 density-independent 
factors (adverse ecological conditions) overrode the primary control, caus- 
ing habitat destruction and elimination of the population. 


APPENDIX I 


Parasites of Neotoma micropus in Zavala County, Texas 


by 


CLIFFORD W. JOHNSON 
External Parasites 


In recent years the woodrat has become increasingly important because 
of diseases that may be transmitted to man through the ectoparasites it 
carries. Certain of these parasites are known vectors of plague, tularemia, 
Q fever, endemic relapsing fever, relapsing fever, Rocky Mountain relapsing 
fever, and possibly others. This report concerns the species and seasonal 
incidence of ectoparasites on Neotoma micropus. The data were collected 
from March, 1950, through March, 1951. 

Woodrats were primarily collected by live trapping; a few were shot or 
taken in snap traps. The rodents were removed from the live traps and placed 
in ectoparasite-proof bags which where securely tied, taken to the field lab- 
oratory, and placed in a can of hydrogen cyanide gas for 15 minutes. The 
bags and the rodents were then combed for all ectoparasites. Parasites from 
each woodrat were placed in individual vials of saline or alcohol and sent to 
the Texas State Department of Health for identification. 

A total of 3,428 ectoparasites was recovered from 790 woodrats. Fleas 
were the most numerous of all, with six genera and seven species accounting 
for 2,580 of the ectoparasites. Thirty additional fleas were unidentified. A 
total of 2,522 Orchopeas sexdentatus was recorded during the year, for an 
average of 3.23 O. sexdentatus per rat. The mean monthly index for O. sex- 
dentatus was 2.37 per rat. 

The rise and fall of the O. sexdentatus monthly indices is compared with 
seasonal variations of temperature and rainfall in Zavala County (Fig. 14). 
The highest indices were found during the cooler, drier months and the 
lowest occurred during the warmer, wetter months, with a maximum in 
January and a minimum in August. The high index of January, 1951 (9.4) is 
possibly not representative of the entire population since woodrats during 
this period were trapped primarily in piles of dead brush left by bulldozers 
in land clearing operations. It was noted throughout the year that on the 
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Fic. 14. Monthly ectoparasite indices, temperature, and rainfall in Zavala County, 
Texas, during 1950-51. The left vertical axis gives the parasite index and rainfall in 
inches. The right vertical axis is mean temperature in degrees Fahrenheit. (After Johnson, 
1952) 


average, more fleas were found on woodrats from brush piles than in any 
other habitat. 

Ten Orchopeas leucopus, common parasites of the wood mouse (Peromys- 
cus leucopus), were found. Larger numbers were found on cotton rats 
(Sigmodon hispidus) and wood mice trapped in the area. Close association 
with cotton rats and wood mice, particularly in the brush piles, probably 
accounted for the presence of O. leucopus on the woodrats. 

The common rabbit flea ( Hoplopsyllus affinis) was found in small num- 
bers during the cooler months. Cottontail rabbits (Sylvilagus floridanus and 
S. auduboni) frequently take refuge in woodrat dens when chased. This may 
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account for the presence of H. affinis on the woodrat. A similar situation may 
account for the presence of Thrassis fotus, two of which were obtained from 
woodrats in March and April, 1951. T. fotus is host specific on the ground 
squirrel (Citellus mexicanus) which is commonly found in the same area 
with N. micropus in Zavala County. A single Xenopsylla cheopsis was re- 
covered from a woodrat trapped in a dairy feed shed. Domestic rats ( Rattus 
rattus) trapped in the same feed shed also harbored this flea. 

Two Pulex irritans were found on woodrats trapped in a very large brush 
pile. This species may have been transmitted from fox (Urocyon cinereoar- 
genteus) or coyote (Canis latrans), which typically have this flea in large 
numbers. The brush pile in this instance was large enough to afford either 
predator a good den site. 

Twenty-one Echidnophaga gallinacea were found on a woodrat taken 
near ranch buildings. Another woodrat, trapped in a brushy area not far 
from the buildings, had two fleas of this species. 

A total of 699 ticks representing three species, Ixodes woodi, Dermacentor 
variabilis, and nymphal Ornithodorus talaje, was recorded. I. woodi, host 
specific on the woodrat, was the only tick species found in each month of the 
year. A total of 365 I. woodi gives an annual index of 0.46 ticks per rat. The 
mean monthly index was 0.42. The maximum recorded index was 1.34 dur- 
ing November; the lowest was 0.04 in August. There seems to be little direct 
correlation between temperature, rainfall, and the high I. woodi index in 
November except that the high index occurred about one month following 
the first noticeable lowering of temperature. During the months of July and 
August, when temperature averaged the highest and rainfall was close to 
the highest for the year, low monthly indices of 0.05 and 0.04 ticks per rat 
were recorded. 

Dermacentor variabilis, commonly found on carnivores and at times on 
domestic animals, were found to be very scarce on the woodrat. Twenty-five, 
all of the “seed tick” stage, were found on rats, primarily in November and 
December. 

Ornithodorus talaje, an intermittent feeder, presented a different picture 
than did the hard ticks. Only one of 309 O. talaje found was an adult. In 
laboratory experiments, adult O. talaje were found to engorge themselves 
fully in from 20 minutes to an hour and a half. Since adults do not attach 
themselves securely while feeding, it is quite possible that any adult present 
could easily be knocked off by the rat’s attempts to escape a trap. This might 
account for the rarity of adult O. talaje in the sample. This species was 
recorded only during the months of May through November. The annual and 
the mean monthly indices were both 0.40. During the seven months in which 
O. talaje were present, the index was 0.68. The highest monthly index of 
2.97 ticks per rat was recorded in July, the hottest and wettest month of 
the year. 
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Ninety-five mites were recorded. Of this total, 58 were Bdellonyssus bacoti 
and 23 were Haemolaelaps glasgowi, all found during the spring months. In 
August and September, 14 mites of the family Thrombidiidae were found. 

Neohaematopinus neotomae and Hoplopleura hirsuta were the only repre- 
sentatives of the suborder Anopleura recorded. Fourteen N. neotomae and 10 
H. hirsuta accounted for the total. All were found during the summer months. 

Three species of assassin bug, Triatoma lenticularis, T. sanguisuga, and 
T. gerstackeri, were found in and around the woodrat dens. Up to 10 indi- 
viduals, mostly T. lenticularis, were found in the larger, older dens. This 
genus of blood sucking insect is known to carry Chagas’ disease in Mexico, 
Central America, and South America. The causative agent, Trypanosoma 
cruzi, a flagellate protozoan, is found in several species of Triatoma in the 
southwestern United States, including Texas. In the laboratory, the assassin 
bug was found to feed primarily about the face of the woodrat, generally 
about the eye. Occasionally, the fully matured assassin bug would feed on 
other parts of the woodrat’s body. 


Internal Parasites 


Spot checks were made for internal parasites from December, 1950, 
through May, 1951. Four species of internal parasites in various life-history 
stages were found; two nematodes, one tapeworm, and a flagellate protozoan. 

Litomosoides carinii was found in the thoracic cavity on the mediastinal 
ligament, the diaphragm, and at times on the epipleura of the lung. Twenty- 
four of 88 woodrats examined were infested with from one to five L. carinii. 
Twenty-two of the parasites were encysted, calcified, and somewhat deteri- 
orated. Dr. A. C. Chandler of Rice Institute identified the nematodes and 
made the following comment concerning the L. carinii hosts: “In view of 
the frequent encystment and calcification of the specimens of L. carinii 
found in the packrat, I conclude that this is not a particularly favorable host 
for that worm. The common and usual host is the cotton rat (Sigmodon 
hispidus). So far as I am aware, your specimens from Neotoma constitute 
the first host record for that species.” 

Routine examination of all 88 autopsied animals was not carried out; how- 
ever, four woodrats which were examined had from one to four Trichuris 
muris in the caecum. Many woodrats sent to the Texas State Department of 
Health for disease studies were examined for T. muris. The technician con- 
ducting the examination stated that “. . . nearly all packrats examined had 
T. muris in their caecum.” 

The cysticercus stage of Taenia taeniaeformis was found encysted in the 
liver in small sacs about a quarter of an inch in diameter. These cysts were 
found during the months of December through April. Nine woodrats ex- 
amined during May had no cysts. Of the 88 woodrats examined, 23 were 
infested with 49 cysticerci, giving an overall index of 0.55 cysts per rodent for 
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the six-month period with an average of about two cysts per infected rat. A 
single adult tapeworm was found in a partially digested woodrat taken from 
a rat snake (Elaphe obsoleta). The sac of the cysticercus had been dissolved 
and the larvae had grown to the adult stage, each about three inches long. 
The tapeworm was identified by Dr. R. D. Turk of Texas A. & M. University. 

Statistical data on the occurrence of Trypanosoma sp. are not available 
but Dr. R. B. Eads, formerly of the Texas State Health Department, did find 
this genus of flagellate in the blood of woodrats. 


APPENDIX II 


Recorded Parasites of Neotoma micropus 





Species Authority 


CLASS MASTIGOPHORA 
Trypanosoma cruzi Packchanian (1942, 1949) 
T. sp. Johnson (see Appendix I) 


CLASS CESTODA 
Johnson (see Appendix I) 
CLASS NEMATODA 


Taenia taeniaeformis 


Litomosoides carinii 


Trichuris muris 


Neohaematopinus neotomae 


Hoplopleura hirsuta 


Triatoma gerstaeckeri 


T. lenticularis 
T. neotomae 
T. occulta 

T. protracta 
T. sanguisuga 


Foxella ignota 
Malaraeus sp. 
Orchopeas leucopus 
O. sexdentatus 


Thrassis campestris 
T. fotus 


Anomiopsyllus sp. 


Johnson (see Appendix I) 
Johnson (see Appendix I) 


CLASS INSECTA 


Anoplura 
Finley (1958); Menzies, et al. (1951); Johnson (see 
Appendix I) 
Johnson (see Appendix I) 
Hemiptera 


Thurman (1944) 
Johnson (see Appendix I) 
Thurman (1944) 
Thurman (1944) 
Thurman (1944) 
Johnson (see Appendix I) 


Siphonaptera 


Eads & Menzies (1949) 

Finley (1958) 

Eads & Menzies (1949); Johnson (see Appendix I) 

Eads & Menzies (1949); Miles, et al. (1952); Finley 
(1958); Johnson (see Appendix I) 

Eads & Menzies (1949); Miles, et al. (1952) 

Eads & Menzies (1949); Miles, et al. (1952); John- 
son (see Appendix I) 

Finley (1958) 
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A. hiemalis 

Meringis arachis 

M. bilsingi 

M. parkeri 

Monopsyllus exilis 
Echidnophaga gallinacea 


Hoplopsyllus affinis 
Pulex irritans 


Xenopsylla cheopsis 


Androlaelaps johnstoni 
Brevisterna morlani 

B. utahensis 
Haemolaelaps glasgowi 


Ischyropoda armatus 
Bdellonyssus bacoti 
Neoichoronyssus neotomae 
Uropoda sp. 

Amblyomma inornatum 
Dermacentor parumapertus 
D. variabilis 

Ixodes woodi 

Ornithodoros turicata 

O. talaje 


Eads & Menzies (1948); Miles, et al. (1952) 

Eads & Menzies (1949) 

Eads & Menzies (1949) 

Eads & Menzies (1949); Miles, et al. (1952) 

Eads & Menzies (1949); Miles, et al. (1952) 

Miles, et al. (1952); Johnson (see Appendix I) 

Eads & Menzies (1949); Miles, et al. (1952); John- 
son (see Appendix I) 

Eads & Menzies (1949); Miles, et al. (1952); John- 
son (see Appendix I) 
(1958); Johnson (see Appendix I) 


ARTHROPODA 
Acarina 
Eads & Hightower (1951b) 
Strandtmann & Allred (1956) 
Eads, et al. (1952) 
Finley (1958); Eads, et al. (1952) Johnson (see 
Appendix I) 
Eads, et al. (1952) 
Eads, et al. (1952); Johnson (see Appendix I) 
Eads & Hightower (1951a) 
Eads, et al. (1952) 
Eads, et al. (1956) 
Eads, et al. (1952) 
Johnson (see Appendix I) 
Eads, et al. (1952); Johnson (see Appendix I) 
Eads, et al. (1952) 
Eads, et al. (1956); Johnson (see Appendix I) 


APPENDIX HI 


Woodrat Dens in Zavala County, Southern Texas 


by 


CLIFFORD W. JOHNSON 


In general, the woodrat builds its home where there is the best combination 
of food and shelter. In Zavala County, as in much of southern Texas, where 
large tracts of land are covered with mesquite brush and cactus, woodrats 
have little difficulty finding a suitable habitat. Low brush affords sticks for 
the den superstructure, thorns on the brush and cactus provide protection 
against predators, seeds of the brush plants and broad stems of the cactus 
supply food and much of the water. Soft sandy loam soils and rocky clays 
provide the protection of an underground home in a well drained area. 

The adaptability of the woodrat enables it to live where man has disturbed 
the rodent’s environment, although it seemingly prefers to avoid areas of 
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human utilization. Where large areas of Zavala County brushlands have been 
bulldozed and chained down, the woodrats moved from their destroyed dens 
to the large piles of dead trees and shrubs and benefited in having still better 
protection against predators than before. On farms and ranches, woodrats 
may be found under wood piles, in barns and attics, and under floors of 
seldom-frequented houses. 

There was no opportunity to observe a woodrat building its den. Only the 
finished structure can be described and the step by step construction must 
be assumed. Occasional small dens with only one opening were found; and 
one was presumed to represent newly constructed dens which will later be 
enlarged. These small dens had holes about three inches in diameter entering 
the ground at a 45 degree angle toward the roots of an overstory plant. These 
entrances usually had a few thorny twigs around them and often several cow 
chips and sticks piled on top. There was sometimes fresh soil kicked out six 
to eight inches from the entrance. From this beginning, the average den, two 
feet high and three feet in diameter, is apparently constructed. Most, if not 
all of the construction work must take place during the night, since no wood- 
rats were ever observed at work during daylight hours. Dens partially de- 
stroyed during the late afternoon were largely rebuilt by early next morning. 

The dens are built out of the material at hand and generally the individual 
need not wander more than 50 feet to obtain building material. The greatest 
known distance over which building material was transported was 114 feet, 
the distance to the nearest cactus plant from which stems could have been 
cut. Material used varied with availability, but dead sticks and cow chips 
formed about 30 per cent of the den material noted. Usually a variety of ma- 
terials was used in a single den, but a few were composed of almost entirely 
one plant when that plant was the only one present. Green thorny twigs cut 
from low shrubs made up a minor part of typical dens, but in areas where 
neither dead sticks nor cow chips were available, small dens were con- 
structed entirely of fresh cut stems averaging eight to 19 inches in length. 

A typical den is conical in shape with a height of about 20 to 24 inches and 
a diameter of about 36 inches. The height and diameter varies with the sea- 
son since in early fall (September and October ) the woodrats begin to build 
their dens larger, apparently in preparation for cold weather and rain. 
Although the typical den is conical, the size and configuration of the plant 
providing support is the major factor determining den shape. Dens built 
under a cactus plant were higher than those built elsewhere. The heavy 
stems of the cactus provided aerial support, and a broad supporting base was 
not necessary. Dens built at the base of a mesquite tree were usually propped 
against the trunk in a lean-to fashion with the majority of the material to one 
side of the tree. The burrow was usually situated between the tree trunk and 
the pile of den material. Dens built over fallen logs were almost invariably 
conical in shape. This type of den appeared to be made by each stick or cow 
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chip being dropped exactly on top of the den and allowed to roll to a natural 
resting place. 

Completed dens averaged about three entrances. A maximum of five en- 
trances was observed in what appeared to be a compound den containing 
two nests in it. Most entrances were about two inches above ground level, a 
few were at ground level, and an occasional entrance was found about a foot 
up the side of a large den. In a few dens whose tops had been destroyed 
(by predators?), the entrances were on top and were directed vertically 
downward into the burrow or inner chambers. All other entrances were 
directed horizontally or slightly downward into the den. If thorny twigs or 
cactus were available these were placed around the entrances. 

The entrances generally led into a large chamber in the approximate 
center of the den. This chamber usually had a flat floor with a dome-shaped 
ceiling, and was about eight inches in diameter. Dens lacking a central 
chamber had instead runways or burrows that merely ran together without 
particular order. Dens built under plants with large root systems often had 
a second smaller chamber a few inches below the upper one, usually under a 
large root. The floors of these inner chambers or burrows were usually 
covered with bits of twigs, grass, bark, partially eaten seeds, parts of cactus, 
and droppings. At times an old musty nest would be found pushed out into 
the chamber. 

From the inner, main chamber there were generally three side compart- 
ments at distances of three to eight inches. One of these side chambers, 
usually close to the main chamber, contained the woodrat’s nest—a ball of 
fine grasses resembling a bird’s nest. A second nest was only rarely found in 
the same den. The nest was typically constructed of coarse fibers and grass 
and lined with finer grasses or shredded bark. A three-inch hole admitted 
the animal to its bed. 

Food storage chambers were found in most of the dens. A small winter 
cache of seeds was hoarded during the fall and stored off to the side of the 
large middle chamber not far from the nest. Reserve food, however, may be 
stored at various places in the dens. 

To say that the woodrat den had specially made escape burrows leading 
from it might be untrue. But the fact that each fully constructed den had at 
least two entrances or exits would suggest that one of these openings was for 
escape purposes. Some dens had, in addition to the normal entrances, a bur- 
row leading underground from the center of the den and opening away from 
the edge of the den. This burrow was usually about eight inches beneath 
the surface for most of its length. A variation of this “escape burrow” is one 
that leads about two feet underground at a 45 degree angle and ends in a 
five-inch cubicle barren of anything to suggest that the rodent might remain 
there for any length of time. It would appear that the rat might seek refuge 
in this chamber to avoid being dug out of the den by a predator. 
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The housekeeping of the woodrat is untidy. The only place clear of drop- 
pings is the inner nest. Otherwise, droppings are scattered all around inside 
the den and on the entrances and runways outside of it. Partially eaten food 
may be found anywhere in the den. Twice a year, in the spring and the fall, 
the animal will clean out this debris by pushing it out the entrances. 

Woodrats frequently occupy brush piles formed when areas of brush are 
bulldozed or chained during land clearing operations. Brush pile dens are 
built generally in the same way as regular dens. The woodrats pile the usual 
cow chips, short sticks, and thorny twigs on and about the brush pile, usually 
concentrating their efforts at the burrow entrances. The number of burrow 
entrances and runs leading to the entrances varies with the size of the brush 
pile. It is not unusual to find up to four rats living in a single brush pile three 
feet high and five feet in diameter. In one particularly large brush pile, some 
15 rats were trapped in a single night, and more might have been trapped had 
time permitted. 
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